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The Chemistry of Cellulose 


Tne first attempts to substitute other prime materials 
for rags, old linen, or cotton waste for the manufacture 
of paper, date from the middle of the eighteenth century. 
Even at this time these prime materials were getting 
searce. Christian Schaeffer, of Ratisbon, attempted in 
1765 to make paper from wasp nests, turf, straw, hay, the 
twigs of hops, from brush broom, and even from wood, 
but his efforts brought no results except the contempt 
and jeers of his contemporaries; the time had not yet 
come to realize this idea, and moreover the scarcity of 
rags had not yet become pressing. But when the devel- 
opment of daily newspapers, and the necessity of satis- 
fying the demands arising from the extension of popu- 
lar instruction had made these ideas acceptable, the 
search of substitutes for rags became permissible; thus 
it was that towards the middle of the nineteenth cen- 
tury, the attempts of the weaver Keller to de-fibre wood 
so as to obtain a pulp, to replace the pulp from rags, 
were favorably considered, There should be remembered, 
too, the attempts made by Melliers, among others, who 
frequently tried to treat straw so as to extract from it a 
pulp which could be used industrially, Cellulose treated 
with soda soon followed the mechanical wood pulp and 
straw pulp. In fact, the process of treating wood, as 
well as straw with caustic alkalies or alkaline earths be- 
came a success. Moreover, very soon after this alkali 
process had been brought from America to Europe by 
Houghton, it found a competitor in the chalk process, or 
in the sulphurous acid or bisulphite process. The names 
of Tilghman and of Ekman are connected with the first 
experiments made in Germany to use calcium sulphite or 
magnesium sulphite for this treatment. At this time, this 
process which had been kept secret fell into oblivion. 
The energy and determination of Mitscherlich and his 
licensees developed a practical industrial process, which, 
concurrently with the analogous process of Rittner- 
Kellner, soon brought the new industry to an extraor- 
dinary stage of development in the short space of twenty- 
five to thirty years. 

The production of cellulose amounted to 1,600,000 tons, 
of the value of $80,000,000; the production in Germany 
was estimated at 564,000 tons, worth $28,000,000; the pro- 
portion of cellulose treated with caustic soda was very 
small. This was due to the fact that for various reasons, 
still disputed, the bisulphite process of treating wood 
seemed superior to the soda process. However, in spite 
of the considerable extension of this process, in spite 
of the great progress it has made as to the yield, both in 
quantity and quality of the product, hence the certainty 
of the methods of manufacture, still the cellulose industry 
depends almost entirely on empiricism. The chemical 
composition of the raw material, wood, and of its manu- 
factured product, cellulose, is still almost completely un- 
known to us. 

The cellulose industry and its allied industries of cot- 
ton, gun cotton, and artificial silk are thus in an analog- 
ous condition to some other industries, for example, the 
leather industry; from this point of view they are in a 
totally different condition from the great industry of in- 
organic chemical products or of coloring matters. In 
the case of these last industries, the exact chemical 
knowledge of their raw materials and of their inter- 
mediary products has allowed them to advance very 
methodicaily and in well-chosen paths; and this has made 
their recognized brilliant development possible. 

May I be permitted here to make a rapid sketch of 
what the cellulose industry and its allled industries are; 
to point out what problems are not yet solved, the solu- 
tion of which is demanded as much by the chemist as by 
the technical man, and to express how necessary it is 
to base these industries upon more solid chemical knowl- 
edge than they actually possess at present? 

To begin with, let us consider the manufacture of me- 
chanical wood pulp: 500,000 tons, worth $12,500,000, are 
produced annually in Germany. At first sight this manu- 
facture does not seem chemical. In fact, the decorticated 
wood is crushed flat between millstones and under a 
stream of water, either perpendicularly to the course of 
the fiber or with the fiber; the fibrous pulp thus ob- 
tained is refined, freed from splinters of wood, and then 
worked in different ways so as to yield various products, 
such as straw board, but chiefly the substance to which 
a small quantity of cellulose is added to. make the paper 
for the daily journals. 

If one of the stages which this process has lately 
reached is studied, that known as the method of refibring 
by the hot process, which came from America, we are 
plunged at once in a chemical problem. In this method, 
as a preliminary treatment, recourse is had simultane- 
ously to boiling water and a very high pressure, working 
at as low a temperature as possible. 

Boiling with water under these conditions, when it is 
for a short time only, appears to dissolve a certain part 
of the wood and to yield a very large quantity of very 
long fibers, with a small residue of broken fibers. The 

effect naturally gees much further if the water is al- 
lowed to act for too long a time and under greater pres- 
sure. To obtain very resistant fibers, certain constitu- 
ents of the wood are dissociated, and then the custom is 
to recover them by the production of the brown me- 
chanical pulp. This pulp is specially used to make a 
very strong leather board. Unfortunately, carboniza- 
tion begins during this process. According as the tem- 


a *Translated from the Moniteur Scientifique. 


A Substance Little Understood 


By Carl G. Schwalbe 


perature and the pressure (four atmospheres on the aver- 
age) are more or less high, a correspondingly more or 

less marked brown color is produced. Is this due to the 

formation of humus? As yanillin and acetic, formic, 
and oxalic acids are found in the residual lye, it is not 
improbable that oxidation is set up. 

It has been attempted to remove this extremely trouble- 
some brown color by bleaching, but in vain. However, 
there appears to be some hope of success of preventing 
the production of this brown color, that is of preventing 
the oxidizing agents from acting; to effect this, either 
the air in the autoclave (digester) and in the pores of 
the wood is removed by producing a vacuum in the auto- 
clave, or, before boiling, the wood is impregnated with 
a solution of a reducing agent, such as sodium sulphide. 
Besides this question of discoloration, other technical 
problems present themselves; in any case there is the 
utilization of the residual lye, which may contain as much 
as ten per cent of the weight of the treated wood. The 
solution of this problem opens up many scientific ques- 
tions: From what portion of the ligneous substance are 
the organic acids derived? Is the process an hydrolysis? 
Above all, what is wood? And if in the course of our re- 
searches we take up those which refer not only to the 
mechanical pulp of brownwood, but also those which con- 
cern the white mechanical pulp, how is it that the 
paper made from mechanical wood pulp turns brown so 
quickly? And how shall we determine the amount of 
wood in a mechanical pulp when it is mixed with other 
fibrous substances? Very recently Messrs. Cross and 
Bevan have answered this question by an approximate 
solution. A solution of phloroglucin in hydrochloric acid 
gives a beautiful purple color to wood, which has long 
been used for the colorimetric determination of the quan- 
tity in mechanical wood pulp. But the two English 
savants have found that, as well as this color reaction, 
there is a notable absence of phloroglucin by the wood 
pulp in fixed proportions by weight. If wood pulp, or 
a substance containing wood pulp, is placed in a solution 
of phloroglucin of known strength, and at the end of a 
certain time the strength at that time of the solution is 
‘determined, the quantity of phloroglucin consumed allows 
a conclusion to be drawn as to the amount of wood in 
the pulp. 

The absorption of an inconsiderable quantity (six to 
seven per cent) of phloroglucin by lignin, led Cross and 
Bevan to recognize in this fact a proof that only the 
ketone compounds and not the aldehyde compounds act 
in this way, for the aldehyde compounds will have been 
oxidized by the chlorine and could not give this reaction. 
This assumption, formulated by the English scientists, on 
the presence of compounds reactng in the lignin, leads 
us to recognize quickly the hypotheses which have been 
made on the subject of lignin. Scientists are agreed in 
admitting that there must be an aromatic nucleus in 
lignin. Czapek, by heating sawdust (wood shavings) in 
water under pressure, obtained a substance which he 
called hadromal, which was recognized later, thanks to 
the work of Graefe, as being a mixture of vanillin, 
methyl furfurol, and pyrocatechin, Graefe - concluded 
that from the quantity of methoxy compounds in the 
wood the quantity of vanillin could be deduced, and 
further that this must be the chief constituent of lignin. 
It is not necessary, however, that all of the methylic com- 
pounds should produce the vanillic nucleus, as Fromherz 
has shown. Moreover, it appears very probable, accord- 
ing to the recent researches of Klason, that lignin is com- 
posed of coniferyl alcohol (a compound closely related to 
vanillin) and of a derivative of this alcohol, oxyconiferyl 
alcohol, for four similar nuclei have been formed by sep- 
arating the water. This constitution would be allied to 
that of the carbohydrates and should be of the same char- 
acted as a glucoside. In fact, when water acts upon 
wood, a solution is obtained containing ten to twelve per 
cent of a wood gum, which is a carbohydrate, from which 
proportion ‘the content of lignin is deduced as twenty-six 
to thirty per cent. It is remarkable that invariably only 
1.4 per cent of carbohydrate is found in the residual lyes 
of the bissulphite process: it must be admitted, then, 
that the pressure, the rise in temperature, and the chemi- 
cal agents have a destructive action. Let us remark, in 
passing, that it is possible after that to answer the ques- 
tion so many times asked, whether it is not possible to 
manufacture vanillin by utilizing either the residual lyes 
derived from the hot process of making wood pulp or the 
lyes from the bisulphite process. At the very low price 
of $4.55 per pound, which is the present price of vanillin, 
no one would be interested’ sufficiently to make the ex- 
traction. Besides, it must first be considered that the de- 
mand for vanillin is not so important now, and that if 
this question was solved, it would not solve the problem 
of utilizing not only the cellulose, but also the lignin of 
wood, 

These considerations have led us face to face with that 
problem of the cellulose industry which is the most diffi- 
cult to solve and at the same time the most important. 
What will become in the future of those innumerable or- 
ganic substances dissolved in water, when our rivers re- 
fuse to accept them; or what will remain, even of the 
business itself, when the laws protecting water courses, 
threatening even now, become active, and forbid us to 
throw the residual lyes into them in such large quantities 
as has been done up to the present time? The quantity 
of organic matter dissolved in water is nearly equal to 


the 564,000 tons of cellulose, and a means must be found 
of destroying it. 

Having given the outline of this discussion, it is impos- 
sible to detail the numerous processes which have been 
suggested for the utilization of the residual lyes. How- 
ever, that attention may be called to the most recent of 
the processes in this direction, it will suffice to mention 
the one now on trial at Langen in Hesse. By heating the 
residual lye from the chemical wood pulp of the bisulphite 
process in the presence of acids and, when required, ap- 
plying pressure and adding formaldehyde, a tough and 
plastic body precipitates. The question now is to as- 
certain if this product really has such desirable proper- 
ties as will allow of its use in such a way as to assure a 
large demand for it. This product may be considered as 
cellulose pitch. This is the name given to the product ob- 
tained at Walsumam Niederrhein by evaporating the 
residual lyes nearly to dryness, and has proved to be an 
excellent agglutinant for the agglomeration of powdere¢ 
minerals. The whole question lies in knowing if, in 
such a case, the cost of evaporation would not be too 
great, in which event the process is of no value from an 
economic point of view. 

In the production of cellulose by soda, the residual 
lyes need not cause any uneasiness. These lyes are con- 
centrated and then calcined to extract the alkali con- 
tained in them. 

In this case the organic matter which the lyes contain 
partly furnishes the fuel necessary for their recovery. 
On the other hand, to compensate for the absence of the 
problem of how to get rid of these residual lyes, this pro- 
cess has one great drawback, which explains why it is not 
more frequently adopted; the treatment of these residual 
lyes sets free very noxious fumes, which, up to the pres- 
ent, cannot be avoided. This inconvenience and the small 
yield of cellulose are the reasons for the abandonment of 
this process in Germany. At this moment, laws are be- 
ing prepared in Scandinavia, with a view to the total sup- 
pression of the noxious fumes from this manufacture, and 
thus the existence of the industry of making cellulose by 
the soda process is strongly menaced in those countries. 

But the utilization or the suppression of the residual 
lyes are not the only important problems. Cellulose, 
whether obtained by boiling with alkalies or from an acid 
solution, must be bleached. This does not mean merely 
to destroy the very slight color of the chemical pulp of 
heated wood, but rather to carry out an operation, which 
is a true chemical attack accompanied by a great loss of 
weight (four to ten per cent in the case of bisulphite 
cellulose). ‘Lhere is no doubt that the discoloration would 
be much more intense and much more difficult to destroy 
in the case of caustic soda cellulose than it is with bisul- 
phite cellulose. We do not know the nature of the cvior; 
besides this problem has remained unsolved in another in- 
dustry, the elder sister of the cellulose industry, the 
manufacture of cotton, for the coloring matter which 
causes the discoloration of raw cotton is not clearly rec- 
ognized; it is only known that it seems to act as a caustic, 
a destroyer. As it seems to us, instead of completing the 
treatment py bleaching, it should be asked if the bleach- 
ing cannot be done during the treatment? Experience 
has taught that if the treatment is pushed too far the 
quantity and quality of the product are influenced to a 
considerable degree. The treatment should be consid- 
ered as a sort of hydrolysis, so that on continuing it 
too long, not only the lignin, but also the cellulose itself 
is attacked. Thus in the soda process, it must be ad- 
mitted that after the solution of the compound (analog- 
ous to an ether) which is formed by the cellulose and the 
lignin, the lignin is changed into lignic acid by the alkali, 
for Lange obtained not only cellulose, but also a certain 
quantity of lignic acid, by fusing wood and alkali to- 
gether. The theories that have been suggested as to the 
reactions in the bisulphite process are very diverse: 
whether the acid radical or the sulphurous acid remains 
in the state of a double salt, or whether it reacts with the 
aldehyde compounds, or again whether it forms ethers or 
sulphonated acids. The last view is one of the most ac- 
cepted, thanks to the work of the Tollens laboratory; in 
fact, the presence of a sulphonated acid combined with the 
lignin, has been recognized in the residual lyes of the 
bisulphite process; and from this compound, though with 
great difficulty, by means of alkalies, a sulphonated acid 
has been separated at the same time as a lignic acid, ap- 
parently identical with that obtained from the soda 
process. 

It seems to us that these considerations only concern 
lignin. But what can we say relatively about cellulose? 
Is there really a unique cellulose which is isolated when 
the boiling is not continued too long? Are there fixed 
quantities of a less stable cellulose which go into solu- 
tion? It is certain that this is the case in the soda pro- 
cess of making cellulose; in fact the yield is fifteen to 
twenty-five per cent less than that obtained in the bisul- 
phite process, and the product even after bleaching does 
not always appear identical with cellulose from cotton; 
for among other distinctions it reacts with phenythy- 
drazine, and forms furfurol when distilled with hydro- 
chloric acid. Are these reactions due to the existence of 
a mixture of several different celluloses, or are they due 
to a single cellulose, or again are they due merely to 
impurities, difficult to remove? What will remain when 
these impurities are eliminated? It is plain there is no 
lack of unsolved questions and that all of them, more 
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or less, await their solution by work based on experiment. 
But that is not all. The different kinds of cellulose formed 
during the boiling show still more subtle differences and 
present an immense field for purely chemical research, 
for, up to the present time, the various kinds cannot be 
completely differentiated by their physical properties. 
There are certainly different kinds of cellulose pulp ob- 
tained, according as they are treated by slow boiling as 
in the Mitscherlich process, or by rapid boiling as in the 
Rittner-Kellner process. 

\re all these different hydrates one and the same cellu- 
lose like that of cotton? These questions remain for the 
most part unanswered. Only one of the questions relat- 
ing to the carbohydrates has as yet received a reply. It 
is now known, at least, that by excessive treatment of the 
bisulphite cellulose, a transparent substance is obtained, 
looking like parchment externally, and quite comparable 
to vegetable parchment, which has been called pergamyn. 
But pergamyn is not a cellulose hydrate, but rather a 
cellulose boiled to the condition of boiled (sodden) rags, 
and from a chemical viewpoint is clearly distinguished 
from the hydrate, which is vegetable parchment by the re- 
agents iodine and potassium iodide ; the parchment alone, 
a cellulose hydrate, becomes blue. 

Up to now we have only spoken of wood and of the 
cellulose extracted from it. Without going farther, other 
problems present themselves when the different ligneous 
essences are considered as subjects for research: How to 
recognize the different kinds of wood and the celluloses 
they yield; the evergreen woods such as_ pine and fir, 
and the wood with decaying foliage, of which those chiefly 
used are the poplar, the birch, and the beech. Every 
kind of cellulose produced from these different woods 
should be clearly distinguished. 

Besides wood is not the only raw material which pro- 
duces cellulose. Cellulose can be extracted from other 
ligneous fibers, particularly herbaceous plants. In Ger- 
many it is made from wheat and rye straw, in England 
and in the rest of continental Europe from esparto grass 
or alfalfa. This last can be disintegrated by a fermenta- 
tion analogous to the steeping of flax, but the soda pro- 
cess is principally used. This process only is applied to 
straw. When the sulphate process is used, i. e., the pro- 
cess when the work of sodium hydrate is completed by 
sodium sulphate, a forty-two per cent yield of a cellu- 
lose is obtained, which from its reactions should be con- 
sidered as an oxycellulose, although it is not as yet very 
thoroughly understood. In_ spite of its comparatively 
weak mechanical resistance as compared to bisulphite 
cellulose, it furnishes a raw material very applicable for 
manufacturing letter paper. The problem of the residual 
lves is the same as in the case of boiling wood with soda. 
Really, in the recovery of the alkali, the most interesting 
question is that of the noxious fumes; but the lyes also 
doubtlessly contain substances of considerable alimentary 
value, and further, substances which are gelatinous and 
have a certain coloring power, of such a kind as to offer 
one more reason for attempting to utilize these lyes in 
an advantageous manner. 

The considerable development of the manufacture of 
cellulose, both from wood and straw, gives rise to the fear 
of a dearth of raw materials’ in the future. Thus the 
German cellulose factories are already treating wood 
brought from the shores of the White Sea. If the devasta- 
tion of the forests should progress rapidly in the north- 
ern countries, the cellulose industry will be stopped by 
the want of raw materials. There is so much the more 
reason that our country should be able to furnish the 
quantity of wood demanded by the industry. Besides, the 
available quantity of straw is very limited. The indigen- 
ous plants which should furnish large quantities of fiber 
suitable for paper making are not at our disposal, for 
the hope of converting turf into a fiber utilizable for 
paper has proved deceptive. Since considerable capital 
has been swallowed up in attempts to effect this, it would 
appear prudent to give it up completely. In any case 
there still remain reeds; but only for our Austro-Hun- 
garian neighbors. In fact it seems that in the delta of 
the Danube and in the lower Danube region, reeds are 
found from which there can be successfully extracted a 
cellulose analogous to that from straw. In any case it 
must not be forgotten that the quantity of available fiber 
here is not very large. Hence for the future of paper 
making in Germany, we must look to our colonies. 

For the moment let us imagine that plants could be 
treated where they grow, in some way so as to decrease 
as much as possible the dead weight for transportation, 
and could be sent to Europe in a half-prepared con- 
dition. According to information from an English origin, 
in Burmah alone there are 60,000 square miles covered 
with bamboo jungles close to navigable rivers. Grant- 
ing the rapid growth of these plants, it has been calcu- 
lated that an area of 16 square miles would be enough 
to furnish the raw material necessary to make 100 tons 
of paper per week. It follows that Burmah, that small 
part of India, would alone suffice to furnish as much 
cellulose as the whole world demands. The scarcity of 
wood, however, is not yet so pressing that there is any 
need to introduce the cellulose manufacture in countries 


with a murderous climate, to consume enormous capital, 
and to expose it to the difficulties of considerable hand 
labor. From this point of view America is much better 
off. Putting aside the fact that in this country it is 
still possible to devastate the forests on a large scale, 
instead of having recourse to the creation of @new 
industry, the short fibers which adhere to the cotton bolls 
can be used, and the residues and waste of raw cotton, 
about 600,000 tons of raw material; further, there is still 
available about 22,000,000 tons of cotton stalks, which 
have been hitherto considered of no value and are buried 
by the plow every year. At the same time, and in an 
analogous manner, the maize stems, wild hemp, marsh 
herbs, and wild rice are wasted. Some of these Ameri- 
can sources already feed the German paper industry. 
Thus the factories at Bremen treat cotton, utilizing the 
fibers sticking to the cotton bolts and using them to pre- 
pare a product commercially sold under the name of 
Virgo fiber (thread). 

Another very important industry, and to an extent 
closely allied to the cellulose industry, has also developed 
greatly; that of artificial silk. That, too, uses cellulose 
as the raw material. The total natural silk in the world 
is estimated at 50,000,000 kilograms (110,230,000 pounds) 
worth $350,000,000; the production of artificial silk has 
reached 5,000,000 kilograms (11,023,000 pounds) worth 
$20,000,000. Although the use of natural silk has not yet 
diminished in favor of artificial silk, the foregoing fig- 
ures show the growing importance of this new and quite 
young industry; quite young, for it only began in 1880. ~ 

In the beginning cotton cellulose was the only thing 
they dreamed of using. The cellulose was treated with 
nitrie ether (sic. nitric acid?), the product thus obtained 
was dissolved in a mixture of alcohol and ether, and the 
solution transformed into thread, which, by the use of re- 
ducing agents, such as calcium sulphide, was rendered un- 
inflammable. Soon, however, a second process came into 
use, which consisted in dissolving cotton cellulose in a 
cupro-ammoniacal solution, spinning this solution, and 
coagulating it by means of acids or bases. A_ third 
process, the production of viscose silk, has lately been 
added to the preceding ones. 

But the development of this industry has not answered 
to its early promise on account of the high price of its 
raw materials, viz., wood cellulose, carbon bisulphide, and 
soda lye; in fact, the manufacture is much too difficult. 
It is only after twelve years of efforts that the scientists 
Cross and Bevan succeeded in making the process prac-: 
tical, and thoroughly mastered what they termed the 
“maturing” of the viscose. Really, when the three pro- 
cesses were yet in the midst of their development, they 
encountered a fourth and most serious competitor which 
came on the scene, although it is true that no marketable 
product of this process seems yet to have appeared in 
commerce, that is, silk from cellulose acetate. 

While the three kinds of artificial silk mentioned 
earlier contained only cellulose, regenerated in different 
ways, in this case the finished thread contained an acetic 
ether of cellulose. This ether is insoluble in water and, 
moreover, preserves its mechanical (physical) resistance 
in presence of water, a quality to which the other arti- 
ficial silks cannot pretend, except in a very limited degree. 
The artificial silks from nitrocellulose, from ammoniacal 
copper, and viscose silk are in themselves less substantial 
than natural silk, but when they are damp they lose a 
great deal of the little resistance they possess. This 
drawback, of preponderant influence, has already made 
itself felt in dyeing, but it makes itself felt still more 
during the weaving, when the fibers come in contact with 
water or with damp air. Silk from the acetate does not 
suffer from exposure to humidity. At first great dif- 
ficulty was experienced in dyeing because aqueous solu- 
tions of coloring matters would not penetrate the fiber, 
but by using agents which swelled the fiber these diffi- 
culties were overcome. There is no need to enlarge on 
this subject because a short time ago Prof. Knaevenagel 
enlightened us as to the tinctorial properties of acetyl- 
cellulose in a very interesting lecture, with experiments 
that he gave at Heidelberg at the reunion of the Associ- 
ation of South German Chemists. 

All that has been previously said as to the chemical 
difficulties applies also to the conditions in which the 
acetate is produced. The use of acetic anhydride and a 
little sulphuric acid at the same time results in the very 
great instability of the ethereal solutions thus obtained, 
and this causes more or less fragility of the threads or 


films which have been produced. Now these difficulties 


are avoided by various methods. In Knoll & Co.’s patents 
we find sulphuric acid replaced by benzolsulphonic acid 
as suggested by Knaevenagel, as well as the addition of 
neutral salts to the alkaline salts used as regenerators. 
The effects of these modifications are: To stop hydro- 
lysis which is not desirable, to prevent the destruction of 
celluloses of large molecular weight, and to obviate any 
ulterior modification of the physical properties of the 
product obtained. Aside from the solution of this prob- 
lem, an appropriate solvent has also been sought for sev- 
eral years. Now acetone and acetic ether have become 
the regular solvents, while formerly no one dreamed of 
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using anything but chloroform, glacial acetic acid, or 
analogous liquids, which made the practical use of cellu- 
lose acetate very difficult. Thanks to the kindness of 
Prof. Knaevenagel and the firm Messrs. Kroll & Co., I am 
enabled to show you here some samples of cellulose 
acetate and of artificial horse hair, the production of 
which is still in the experimental stage. At the same 
time, I can show you, thanks to the kindness of the color 
manufacturers, Messrs. Frederic Bayer & Co., a fine col- 
lection of sensitive preparations with a cellite (cellulose 
acetate) base. As you have already learned at our gen- 
eral meeting at Jena something of cellite films, it ap- 
pears that the problem of the inflammability of kinemato- 
graph films (hitherto made of celluloid) has been entirely 
solved, 

The destruction of the cellulose molecule pushed too 
far during the etherification referred to above, is the 
cause of great difficulties, not only in the production of 
acetate, but also in that of Chardonnet’s Glanstzoff silks, 
and of viscose silk, which should be included; in fact, dur- 
ing the regeneration of cellulose, not only cellulose, but 
also a cellulose hydrate is produced. ‘This hydration must 
be considered as the reason for the weak mechanical re- 
sistance of the thread in the presence of water. Accord- 
ing to Eschalier, this inconvenience can be avoided by 
treating viscose with formaldehyde in acid solution. 
Eschalier is convinced that formaldehyde induces the 
spontaneous reconstruction of the molecule previously de- 
stroyed. According to his figures, the mechanical resist- 
ance of viscose silk thus treated is increased in a consider- 
able degree. There still remains the question whether, 
in spite of the increase in solidity, the elongation (ex- 
tension) is still sufficient; for it is the low value of these 
two properties which has hitherto so unfavorably dis- 
tinguished artificial silks from natural silks. The most 
important problem in the industry of artificial silks that 
still remains to be solved is that of endowing them with 
these two properties. 

There is still to be mentioned the complication of 
questions relating to cellulose hydrates, found in Knecht’s 
recent work on mercerized cotton. He shows that the ab- 
sorbent powder of cotton differs remarkably according 
to whether during mercerization, it has not been dried at 
all, or has been dried, and if dried, whether this has been 
done at the ordinary temperature or at 100 deg. C. 
(212 deg. F.). Hence different methods of drying give 
rise to different hydrates. Also Berl states that if cot- 
ton is heated in a current of inert gas at a high tempera- 
ture, it undergoes polymerization which exerts a favor- 
able influenee on the properties of the resulting nitro- 
celluloses, 

These considerations make it sufficiently clear that in 
the cellulose industry and its allied industries, in spite of 
the numerous isolated observations, the characteristics of 
cellulose or the celluloses are very imperfectly known 
from the chemical point of view. We do not even know 
the constitution of the cellulose of cotton, which may be 
taken as the type, and still less of its derivatives—the cel- 
lulose hydrates, the hydrocelluloses, and the oxycelluloses. 
We can only form a vague idea of these bodies. If the 
cellulose industry is to continue to progress, it is abso- 
lutely necessary that a systematic study be made of all 
the bodies included in the above category. 

An advance in the study of their constitution can 
generally be effected either by the synthesis or the analysis 
(destruction) of these bodies. There can be no question 
at present of constructing a molecule of cellulose, but 
by destroying an apparent molecule, a certain enlighten- 
ment seems to have been obtained. By making decomposi- 
tion products, we have only a very superficial idea of the 
cellulose hydrates, but we already know a little more 
about the hydrocelluloses; we specially know, thanks to 
Tollens, that when the oxycelluloses are heated with milk 
of lime (calcium hydrate) they yield dioxybutyric acid 
and isosaccharic acid; we know that they form sugar by 
hydrolysis in an acid solution, and by the same method a 
body representing an intermediary state of transforma- 
tion between sugar and cellulose—cellobiose. 

The theory based on the figures representing these 
decompositions would be very fruitful, and would be still 
more so if the researches were made under similar con- 
ditions on the large number of celluloses that can be 
isolated from wood and herbaceous plants. It is highly 
probable, however, that resort must be had to new 
methods of research. The future will tell us if these 
new methods should to ‘some extent encroach on the 
boundaries of the chemistry of the colloids, In spite of 
the successful results found in the domain of the chem- 
istry of the inorganic colloids, it seems as if the organic 
colloids, cellulose among them, would escape from dis- 
closing the secrets of their constitution like so many col- 
loidal substances. Whether it be by purely chemical 
methods, or by physiochemical methods, there is no doubt 
in any case, that those who devote themselves, regardless 
of the labor, to such serious experimental researches, will 
have greatly accelerated the progress of the chemistry 
of cellulose as well as that of pure science, and that the 
progress of the cellulose industry will likewise be facili- 
tated. 


Additional Points about the New Paris 
Subway 

We are able to give some additional points about the 
new Paris subway which has been lately opened. At 
one of the terminal stations there has been installed a 
very complete system of switch and signal control. ‘This 
is necessary from the fact that the subway does not make 
a loop and the trains need to be shifted to the return 
tracks. Besides, there are other tracks laid which lead 
to the station yards near by, so that here there are used 
in all seven tracks. Switches and signals are worked by 
Taylor electric motor devices, and their circuits come to 
a central operating switchboard. On the board is 1 re- 


duced plan of the whole plant, with pilot lamps and indi- 
cators, so that the electric operating switches can be 
worked to suit the case. There are 12 interlocking levers 
used in all. The motor cars carry Vedorelli double panta- 
graph trolleys with rubbers of special alloy, one on each 
end of the roof, and these work under the trolley wire 
which is mounted on brackets with 60 feet average span. 
The third rail weighs 60 pounds per yard, and is supported 
on stoneware insulating blocks which are found to be 
moisture proof. For connecting, the front car motors 
are joined to the trolley and the grounded track rail, 
and the rear car motors from third rail to track rail, on 
the three-wire system, using 600 volts on the motors or 


1200 volts in all. The substations contain four special 
rotary converter groups of 1,500 kilowatt size, fed by al- 
ternating current from a bank of 1600 kilowatt three-phase 
transformers. The groups supply direct current at 1,200 
volts for the subway circuits. A storage battery fur- 
nishes an extra lighting circuit which runs through the 
subway as a standby. Metallic filament lamps are used 
in the subway, and carbon lamps in the trains. Improve- 
ments are made in the block signals so that the trains are 
never stopped in the tunnel, but can always run into a 
station provided this is clear, and passengers can thus 
leave the train fn case of accident that may arise from 
various causes, 
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Modern German Police Call and Fire Alarm Systems 


Every modern fire department and police department 
must have a trustworthy call and alarm system. An 
effective and reliable call and alarm system is as neces- 
sury as an efficient police equipment or effective apparatus 
at the fire itself. The accompanying illustrations show the 
construction and method of operation of modern fire 
alarm systems of German design and construction, and 
a police station equipment in the city of Rio de Janeiro. 
Of the accompanying illustrations Fig. 1 shows the switch- 
board and receiving apparatus at this installation, while 
Vig. 2 shows the relay table, and illustration Fig. 3 the 
master clock utilized in connection with the recording 
mechanism of the calls sent in from the various boxes. 
The diagram Fig. 4 indicates the circuits connecting the 
alarm boxes with the various station houses as well as 
with the central station. There are from 5 to 15 alarm 
boxes on each circuit connecting with the receiving ap- 
paratus at the station. 

At Rio de Janeiro there are a total of 580 call boxes 
connected in cireuits as indicated, special boxes mounted 
on posts being provided with telephone equipments for 
communicating with the various stations and with head- 
quarters. The turning of the key in the door of the 
box sends in the call automatically to the station, the 
number being recorded on a section of the tape as indi- 
cated in drawing Fig. 5, together with the date, giving 
the year, month and day as well as the hour, minute and 
second when the call was sent in. 

The switchboard equipment alarm boxes and electrical 
connections as utilized at Essen a. d. Ruhr and other 
cities and towns in Germany are shown in illustrations 
Figs. 6-10. The station equipment at Essen is shown 
in Fig. 6, the design of the alarm box in the city being 
noted in Fig. 7. The fire station equipment of smaller 
towns may be seen in illustration Fig. 8, including the re- 
ceiving apparatus, the alarm-gong in the station and tele- 
phone equipment as well as the alternating-current bell- 
ringing magneto for calling the firemen from their homes 
in various sections of the town. Fig. 9 shows the construc- 
tion of an alarm box for a small city, while Fig. 10 shows 
a more elaborate equipment for larger cities. 

Everyone is familiar with the electric house bell. The 
current traverses the circuit only for a moment in which 
it does its work. Such a system is called an “open cir- 
cuit system.” With house bell installations, failures 
of the current or defects are not evident until one at- 
tempts to use them. An open current installation there- 
fore is useful only for fire alarm systems under limited 
conditions. 

When this arrangement is reversed the current is al- 
lowed to flow steadily through the circuit, and as soon 
as a signal is given, the metallic circuit is interrupted. 
In such a system any interruption of the current due to 
a break in the current will, without any aid, sound the 
alarm signal. Thus we obtain the desired automatic con- 
trol in a very simple way. As in this method, the current 
is always flowing during the normal condition of the 
installation; it is called a “closed circuit system.” This 
method of operation is used in all modern fire alarm 
installations. 

A closed circuit for interrupting the current with push 
buttons is the simplest kind of a fire alarm system. In 
such push-button installations one could, of course, with- 
out further equipment, make the alarm-sending point 
distinguishable at the central by having the button 


Some Recent German Designs 


By Frank C. PerKins 


simply releases a spring clockwork placed within the 
alarm box. The clockwork then rotates a metal disk hav- 
ing a toothed edge. The disk is brushed by a spring- 
metal strip, which, when at rest, presses continually 
against the contact screw. The current flows through the 
spring brush to the contact screw and as soon as the 
turning of the disk allows the brush to fall into a slot, 


means of a special rubber washer. The importance of 
this is very evident, as fire alarm boxes are usually in the 
open and constantly exposed to the weather. The clock- 
work would suffer so much through dust, moisture and 
oxidation that reliable operation would soon become ques- 
tionable, particularly as in small installations there is 
usually no skilled labor available to attend to the inspec- 
tion of the boxes. For the same reason the contact ar- 
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the metallic contact between the brush and the contact 
screw is broken, thereby sounding the signal at central. 
When the brush has passed a slot, the circuit is again 
completed, and in accordance with a number of slots, a 
particular number of current interruptions is produced. 
Therefore, the disk alarm box No. 1 has one slot, that 
of say alarm No. 8 has eight slots, it therefore allows 
that it must be simple to make the number of the par- 
ticular alarm box recognizable at central. In practice, 
the disks in the different boxes not only differ as to the 
number of teeth but also as to their size and their spacing 
on the disk; in fact, they are so arranged that the disk 
can send regular Morse signals to be recorded at the 
central station. 

Moreover, it is possible to put as many alarm boxes 
as desired on a single line, for as each alarm box has a 
different numbered disk, no errors can occur. Upon re- 
ceiving an alarm at central, it merely remains to look up 
the number on the register, which shows the place from 
which the alarm was sent. The circuit starting from the 
central station is run through all the alarm boxes in 


rangement of the clockwork is constructed with particular 
care, in fact, for reasons of safety, the most important 
contracts are provided in duplicate. The clockwork case 
is set in a red japanned outer cast-iron case. 

Large and elaborate alarm boxes are used for large 
cities as seen in illustration Fig. 10, but are usually too 
costly for small installations. Inside of the box, in ad- 
dition to the clockwork with a case, is a lightning protec- 
tor and contact key. The key is employed by the firemen 
for special purposes in calling the central station. In the 
front door is the push button, covered by a thin glass 
pane, the only part of the signal-sending mechanism 
accessible to the public. Signal-sending by pressing a 
button was intentionally chosen, as everyone is familiar 
with the push-button which is widely used. The glass 
pane, about 1/64 inch in thickness, can be easily broken 
by a light blow. 

It has been found that covering the push-button by a 
glass pane has proven the best means of preventing the 
ringing of false alarms. An uncovered handle or push- 
button would directly tempt mischievous or malicious 
misuse. Moreover, the use of the glass pane has the ad- 
vantage that legal punishments for the wrongful misuse 
of an alarm box become more severe (the breaking of the 
glass being a damage to property) than it would be for 
the simple misdemeanor of sending a false alarm. 

In some German fire alarm systems in order to reduce 
the misuse as much as possible and make it easier to 
catch the malefactor, a loud ringing mechanical vibrating 
bell is often put in the door of the alarm box. Pressing 
the button here releases both the alarm mechanism and 
that of the warning bell, which latter rings for a certain 
length of time and then stops of its own accord. It 
serves the purpose of calling the attention of nearby resi- 
dents and of passers-by to the fact that some one is send- 
ing in a fire alarm. This arrangement has proven very 
satisfactory. It is not necessary to provide all the alarm 
boxes with bells. Usually only those located in the resi- 
dence section require them. 

As a receiving apparatus for small systems the direct 
indicating apparatus has proven itself very reliable. The 
indicating apparatus noted in Fig. 8 contains, in back of 
a locked glass door, a signal annunciator disk and a 
line relay transmits the incoming signals to the actual in- 
dicator or pointer system, the dial of which shows the 
various alarm box numbers. For practical reasons not 
more than 16 or 20 alarm boxes on one circuit are con- 
nected to one indicator. If there are more alarm boxes 
or circuits a second indicator is required in addition to 
the first. 

When the glass of an alarm box is broken and its 
clockwork released, the signal annunciator disk at the 
central station falls, the pointer moves—following the 
current interruption by the alarm box clockwork—and re- 
mains stationary at the number of the sending box. At 
the same time an alarm bell rings and continues ringing 
until someone has raised the annunciator disk and by 


hia. L-—SWIPTCHBOARD AND RECEIVING AP- 


PARATUS AT THE INSTALLATION OF 
THE CITY OF RIO JANEIRO 


pressed once at Station 1, twice at Station 2, and six 
times at Station 6, but in the excitement mistakes are 
unavoidable, So it beeomes evident that the interruptions 
of the current to denote the number of the sending point, 
instead of being controlled by hand, should be automatic. 

A German device of this kind is operated as fellows, 
and indicated in Fig. 9: The alarm sender does not di- 
rectly interrupt the current by pressing the button, but 
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the city and then back to central, This is called a 
“series circuit” or “loop.” For practical reasons not 
more than 20 alarm boxes are put in one loop, a second 
loop entirely independent of the first being run as soon as 
more alarm boxes are added to the system. 

It will be noted that the clockwork of the fire-alarm 
boxes of German design is mounted on a cast iron plate, 
placed in a small case and made absolutely waterproof by 
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ESSEN, GERMANY 


pressing a lever has brought the pointer back to its 
initial position. 

In small cities the receiving station is situated at some 
suitable place as the City Hall, the police headquarters 
or the fire engine house where some one is always sta- 
tioned at night, who, after receiving an alarm can reset 
the indicator apparatus and arouse the firemen. The 
alarm must be heard because of the continuously ringing 
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loud alarm bell. The person left in charge of the sta- 
tion over night can go to sleep, and be sure of being 
awakened by the alarm. 

In larger cities where there is a regular fire depart- 
ment, or a small force of firemen is always kept in readi- 
ness, the men can go to the indicator alarm box imme- 
diately after receiving the alarm. However, if there is 
in addition a volunteer fire department or, in fact, only 
such exists, they must be informed upon receiving the 
alarm. This can be done in many ways by means of steam 
whistles, fog-horns and bells. In modern systems, how- 
ever, a public general alarm is generally avoided, as it 
causes unnecessary excitement, particularly at night. 
Ilence, preference is given to the so-called private alarm, 
ji. e. alarm arrangements, which, at the breaking out of 
a fire, summon only those persons who belong to the fire 
fighting forces. 

It is maintained that for private signals for the fire- 
men the use of alternating current alarm bells is best 
suited, the bells being put in the homes of the firemen. 
If the bells are connected in separate alarm lines, they 
must be connected in a closed circuit. The current 
steadily flowing through the circuit does not affect the 
alarm bells. To ring them the necessary alternating 
current must first be generated at the central station. 
This is done simply by turning the crank of a magneto. 
As the bells ring only so long as the magneto is being 
turned, it is possible to give various signals by varying 
the turning of the magneto crank-handle. 

It is stated that about 30 alarm bells can be rung at 
the same time by the magneto. As soon as more bells are 
to be added, the fire-alarm box circuit, by leading back 
to the central station several times, can be divided into a 
number of alarm bell loops. Each of these alarm bell 
loops has its contact key on the magneto. The individual 
alarm bell loops, in each of which there may be up to 30 
bells, are operated simultaneously, but one circuit after 
another. This subdivision into several alarm bell sec- 
tions has the advantage of notifying only those located in 
that section in which the sending alarm box is, and then 
later the others, if the men already at the fire are not 
sufficient. 

Usually the magneto, together with the indicator ap- 
paratus, is mounted on a wall switchboard, on which there 
are also placed the auxiliary apparatus, including the 
lightning protectors, which protect the sensitive parts of 
the receiving apparatus not only against lightning strokes, 
which directly strike the overhead wires, but also against 
weaker atmospheric discharges and against heavy current 
discharges in case the overhead lines come in contact with 
street car or other power circuits. 

There is also in some instances on the board a list of 
the alarm box numbers with their respective locations, 
directions for the operators and two bells which ring 
during an alarm, for the control of the signals sent off. 
If there are two indicator apparatus, a similar board is 
used in larger installations having three or more indi- 
cator apparatus, correspondingly larger switchboards are 
used. 

The battery cells necessary for operating the system 
are also placed at the central station, in a locked closet 
or cabinet. For generating the direct current in the 
box circuits, closed circuit cells are used, these having 
an electrolyte of copper sulphate; they are recharged 


‘ about two or three times each year. For controlling the 


battery an ammeter is provided in the indicator appara- 
tus, which shows the current flowing through the line. 
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In the local or annunciator circuit Leclanche or dry cells 
are used. 

As indicated in the illustration the switchboard and 
the battery cabinet together constitute the complete 
central station of a fire alarm system and are easily in- 
stalled 

In case electric power is available in the city, small 
storage batteries are used instead of the primary cells. 
The storage batteries, if small in number, are placed in 
closets provided with a chimney to allow the gases which 


develop to exhale, or in larger installations are put in 
the cellar on stands of several tiers. Operation with 
storage batteries is more convenient and cleaner. The cost 
is greater, but the operating expenses are lower with 
primary cells. The switchboard required for the monthly 
charging of the storage batteries, is very simple and 
can be operated by inexperienced persons. 
Fitness in Machine Design 

Ir is commonplace that, in the design of any new ma- 
chine, or structure, the relative proportions of the various 
parts, and their positions in relation to each other, are 
determined rather from precedent and experience than 
by calculation. Certainly, in simple cases calculation 
may be employed, and is employed; thus, for instance, the 


Fic. 4.—CIRCUITS CONNECTING THE ALARM 
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dimensions of a simple tension member of a bridge may 
be directly determined from the known properties of the 
material from which it is to be made, although even in 
this case, the factor of safety to be employed is fixed 
in terms of precedent and experience alone. In general, 
in simple structures, a mathematical determination of 
the dimensions of parts may be employed, but as they 
tend to become more complicated, the reliance on prece- 
dent and judgment becomes ever greater. In the design 
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ic. 5.—REGISTER ON TAPE 


of machines this reliance on personal judgment becomes 
still more noticeable. Even here, however, some few 
leading dimensions may, more or less, be determined 
mathematically; the diameters of shafts and the sizes of 
bearings may, for instance, be so fixed, although these will 
frequently be modified by a designer in order to bring 
them into what he considers better relation to the general 
arrangement and dimensions of a machine, which are, of 
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course, a function of the operation it is intended to per- 
form. Allowing, however, for cases in which calculation 
is of assistance in general, it may be said that the de- 
termination of the dimensions of machine parts is a pro- 
cess depending rather on experience and individual judg- 
ment than on mathematical considerations. 

The ability to determine instinctively the correct di- 
mensions for a machine part which is to be subjected to 
indeterminate stresses is a common enough feature among 
machine-designers. All competent draughtsmen have it 
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in greater or less degree. It has even received a name, 
and those in whom this ability is strikingly displayed are 
commonly said to have a “mechanical instinct.” The sys- 
tem on which this ability operates, and by which such in- 
stinctive designing is carried out, is worth a little atten- 
tion. It is common practice to sketch out roughly the 
general lines of a new machine on a drawing-board, and 
to determine approximately the sizes and shapes of the 
main parts. from this sketch, various dimensions, curves 
and tapers being modified in freehand until the whole 
begins to hang together properly, and the different parts 
bear such relation to each other as to make the whole ap- 
pear a satisfactory and workable, and probably a neat, 
machine. The process is largely a visual one, and al- 
though there are men capable of forming wonderful 
mental pictures of new machines or apparatus, even 
they will, in general, be found, more or less, to modify 
their ideas when they see them down in black and white. 
The dependence of this process of instinctive designing 
on the visibility of the object designed is a matter of 
some interest, and may be given a little consideration. 

The fact that the mechanical instinct judges the sound- 
ness or otherwise of a design by its appearance may be 
interpreted by saying that such instinct is but an example 
of visual memory, and that the eye, after long training 
and familiarity with correct designs, retains a sort of 
standard, with which it is capable of comparing future 
examples which may be presented to it. This, however, 
appears a somewhat limited statement of the case, as a 
sound designer is capable of correctly proportioning the 
parts of an entirely new form of machine, or of one of, 
a type with which he is not familiar. It would probably 
be nearer the truth to say that the actual appearance 
of a machine and the general look of fitness of its various 
parts in relation one to another is, in fact, a direct meas- 
ure of its efficiency as a piece of mechanism. In one 
sense, of course, this statement is a mere truism, but the 
present idea goes further than the first obvious meaning 
of the sentence and suggests that the mere general ap- 
pearance of a machine is, in fact, some measure of its 
adequacy as a machine. The idea is that there are certain, 
more or less obscure, principles of fitness, or, if one 
prefers it, of beauty, to which correct design of necessity 
conform, and that competent designers work in terms of 
these principles, without necessarily recognizing their 
existence, or being able to state them. This idea is but 
a particular application of a doctrine which, in one form 
or another, has been advanced times without number in 
relation to the Arts—the doctrine that the best and 
finally correct form of anything is, at the same time, the 
most satisfactory in appearance—the most beautiful. 
This was one of Ruskin’s favorite doctrines, and there 
would be no difficulty in finding a dozen passages in his 
works illustrating it. For instance: “Few buildings are 
beautiful unless every line and column of their mass have 
reference to their foundation and be suggestive of its 
existence and strength, so nothing can be beautiful in Art 
which does not in all its parts suggest and guide to the 
foundation.” Translating this into engineering language, 
one may say that of two machines that will be the best 
mechanically which is the best in appearance and which 
the proportions and relations of the various parts sug- 
gest to a competent observer a proper distribution of 
weight and stress. The classic expression of this doctrine 
of fitness and efficiency, or beauty and truth, as Ruskin 
would call it, is due to Keats: 

“‘Beauty is truth, truth beauty’—that is all 
Ye know on earth, and ali ye need to know.” 


Fic. 7—A CITY ALARM BOX 


It may appear a far cry from Keats to machine de- 
sign, and yet it is probable that if this doctrine is not 
pushed too far, it will be found to have quite definite 
application in practice. 

This matter cannot be satisfactorily discussed with- 
out a consideration of what constitutes fitness, or beauty, 
in machine design, although, by approaching the matter 
from this point of view, there is some danger of reasori- 
ing in a circle. In the early days of the development 
of the steam-engine and machine-tools, it was the prac- 
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tice to attempt a sort of added beauty in mechanical con- 
structions by such devices as the provision of Corinthian 
pilasters on engine standards, and the adornment of bridge 
work with various species of cast-iron “carving.” This 
type of engineering art found little favor with the pro- 
fessed experts in artistic matters, and there is an amus- 
ing story told, if our memory serves, by Sir Benjamin 
Baker, to the effect that in his early days he had adorned 
one of his bridges with some type of cast-iron filigree 
work, which drew from Ruskin the remark that the sight 
of it always made him wish he had been born a blind 
fish in an underground cave, and thus escaped the pain of 
ever seeing it. This system of designing a machine, or 
structure, and afterward sticking on a certain amount 
of external decoration, endured later in the United States 
than in Great Britain; but, although it still crops up at 
times, it is fairly generally abandoned nowadays. We re- 
cently, however, came across a water-meter, intended for 
power station or similar use, which was carried on a pair 
of cast-iron legs of floricultural design, that were ap- 
propriate rather for a German beer-garden than an engine 
room. Examples of this order, are, however, rare at the 
present time, and whether it be as a result of criticism 
by engineers themselves or that of outsiders, there is no 
doubt that the majority of designers are now persuaded 
that any beauty in mechanical work must inhere rather 
in the lines and proportions of the design than in added 
matter of any description. 

It may appear that a conclusion to the effect that ex- 
ternal decoration is unsuited for mechanical constructions, 
and that beauty in such works can be obtained only by a 
proper distribution of forms and proportions, merely 
leads back in a reverse direction to the point we at- 
tempted to attain in the early part of this article. There 
is, however, a difference in the conclusions reached by the 
two ways of approaching the matter, which may perhaps 
be illustrated by an example. A good deal of criticism 
has, at one time and another, been directed against the 
Tower Bridge on the score that its ornamental features 
are purely extraneous, and that the masonry towers form 
no essential part of the design, but are simply added to 
make the bridge look “pretty,” the implication being 
that had the steel work been left in its nakedness with- 


out covering of any sort, the final effect would have been 
more beautiful. This point of view assumes, or should 
assume, that the steel work is of bold and straightforward 
design, admirably suited for its purpose, and such that in 
it the general distribution of weights and stresses can be 
followed by a trained eye. This represents the anti- 
decoration point of view which was considered immediately 
above. The alternative way of looking at the matter, 
however, which we dealt with first, asserts that had the 
steel work been left bare, then the general impression 
of beauty which it conveyed to the eye of an engineer 
would actually be a measure of the mechanical adequacy 
of the design, and that a construction which, although 
satisfactory and workable enough, yet was more or less 
disproportionate or wasteful of material, would, for that 
reason, appear less beautiful and fitted for its purpose. 
It is clear that a full discussion of this matter would in- 
volve an inquiry into the nature of beauty, but that in- 
vestigation has bogged too many generations of philos- 
ophers to be attractive, and the meaning attaching to 
beauty, or fitness, in machinery is, in general, quite suf- 
ficiently understood for our purpose. 

We have no wish to suggest that the idea of fitness of 
appearance, or beauty, in a piece of engineering work 
being in some way consonant with its mechanical ade- 
quacy, is capable of anything more than very general 
and loose application; but none the less we think the idea 
will be found to have a sound foundation. It is not 
difficult to find examples to illustrate the matter. A very 
simple one has reference to the distribution of weights. A 
tower crane, for instance, with a revolving hammer head 
that is designed with such insufficient counterweight that 
serious and unintended stresses come on the center bearing 
will, to a trained observer, look wrong at the first glance. 
It may take a few minutes for him to decide what is miss- 
ing, or what is wrong, in the relative proportions of the 
parts; but he will at once see that there is a defect some- 
where. The crane will look wrong, and the suggestion is 
that it will do so because it betrays certain principles of 
fitness which are essential in a machine if it is to look 
right. Another example which may be quoted is the case 
of a heavy machine tool in which the legs are so light 
that excessive vibration is bound to be set up when the 
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tool is operated. In this case, again, the machine would 
look wrong at first sight, to a trained man, simply be- 
cause its design would be at variance with principles of 
correct construction, which are a part, possibly an un- 
conscious part, of the observer’s mental equipment. There 
is no need to multiply examples to illustrate this idea, but, 
it may be pointed out, that even such small matters as 
the rounding-off of the edges of castings appear to be 
consonant with the “beauty is truth” doctrine. Square- 
edged castings not only look wrong, but are wrong. A 
fine example, which is of some interest, may be mentioned 
We believe attention has been drawn to it by Mr. Lan- 
chester. It has reference to the position of the steering 
hand wheels of motor cars. In the early days it was the 
practice to carry such hand wheels on vertical spindles, 
so that they lay in a horizontal position; while at the 
present time it has become practically universal custom to 
incline the spindle toward the driver’s seat, so that the 
hand wheel also occupies an inclined position, which in 
high-speed cars usually approximates to about 45 deg. 
from the vertical. 

This change has come about partly as a_ result 
of the increase of the length of the cars; but the 
question of appearance has also had weight, and 
there is no doubt that not only designers, but the general 
public also, consider the inclined position the most fit- 
ting and the most in keeping with the lines of the car. One 
obvious reason for this is that the inclined position of the 
spindle adds to the impression of speed, which is rightly 
inherent in the build of motor cars, especially heavily pow- 
ered ones, It is interesting that this change, which is in 
every way sanctioned by wsthetic considerations, is direct- 
ly substantiated by mechanicai ones. With a steering 
hand wheel in a horizontal position, the effect of the 
inertia of the body of the driver, when the car is round- 
ing a curve, is to tend to make him move the wheel 
farther round than he intends, so that defective steering 
results. This point is of much importance in high-speed 
ears. As the steering wheel approaches more nearly to a 
vertical position this inertia effect is more and more elim- 
inated, so that the inclined wheel not only looks better, 
but is actually mechanically better, as conducing to easier 
and more accurate steering.—Engineering. 


Value of Illuminating Engineering to the Manufacturer 


Tue different classes of manufacturers who are en- 
gaged in supplying things necessary for artificial light- 
ing and who are directly benefited by the subject of il- 
luminating engineering may be roughtly classified as fol- 
lows: 

\. The manufacturer of artificial illuminants. 

B. The manufacturer of shades and _ reflectors. 

C. The manufacturer of appliances used with artificial 
lighting. 

D. The manufacturer of contributing apparatus; that 
is to say, apparatus which is necessary finally to pro- 
duce artificial light. 

EK. The manufacturer of electricity or gas; for ex- 
ample, the central station or the gas plant. This last 
class is covered in convention papers by Messrs. Serrill 
and Gilchrist and consequently will not be considered 
here. 

Taking up the first class; namely, the manufacturer 
of illuminants, this can be divided into four sections; 
namely, electric, gas, acetylene, gasoline. In the scope 
of this paper it will not be necessary to analyze the 
value of each of these divisions separately, but they can 
be considered as a whole. 

A. BENEFITS TO THE MANUFACTURER OF ILLUMINANTS. 

The products put out by the manufacturer will be 
used more correctly and consequently will give better 
satisfaction, which will lead to their wider use. 

By a knowledge of illuminating engineering, new fields 
for the manufacturer will be opened up. 

A knowledge of illuminating engineering will teach the 
consumer to choose correctly the character of illuminant 
desirable for the work in hand which will lead to a 
wider extension of such illuminant for such work. 

Illuminating engineering improves the quality of the 
manufacturers’ product. 

Illuminating engineering teaches the salesman of the 
manufacturer to solicit business intelligently, placing 
him in a decidedly advantageous position over his com- 
petitor who has not this knowledge. 

It puts the manufacturer employing such methods 
above his competitors not employing them, making it, 
therefore, more easy to sell his goods. 

These advantages may well be discussed more in de- 
tail. One of the greatest complaints of the manufac- 
turer of illuminants is that the public does not use his 
product as it is intended to be used, and consequently 
the customer does not get the satisfaction which he was led 
to expect from the manufacturer’s statement. Thus, in 
the case of the incandescent electric lamp, the customer 
orders a lamp o* 110 volts when perhaps he ‘should have 
ordered one for a 105-volt circuit. The result is dissatis- 
faction and results in the loss of future business to the 
manufacturer supplying the lamps. In the case of the 
yellow flaming are lamp, it is sometimes seen in front of 
a store window where the storekeeper is attempting to 
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show color values. The bad results consequently ob- 
tained may lead to the condemnation of the lamp simply 
because it was used in the wrong place. <A notable ex- 
ample of this was the use of the mercury-vapor lamp in 
its early days in many places where it should not have 
been employed, with the consequent condemnation of the 
lamp, which greatly retarded its introduction in such 
places where it was entirely suitable. Similar examples 
might be cited in other fields, but those given will prob- 
ably make the point clear. 

It is self-evident that a knowledge of illuminating en- 
gineering opens up new fields which heretofore were un- 
available. For example, in automobile head lamps the 
field was almost entirely in the hands of the acetylene 
industry until by the introduction of illuminating en- 
gineering principles (illuminating engineering is here used 
in its broadest sense) the manufacturer of electric appli- 
ances has been able to compete successfully. This con- 
dition required a thorough knowledge on the part of the 
manufacturer, not only of the manufacture of a suitable 
lamp and the proper length, shape and position of its 
filament, but also the use of it in conjunction with the 
proper reflector with an adjustable method of focusing. 
Had not all of these combinations been properly em- 
ployed the field would have been closed to the manufac- 
turer of the incandescent electric lamp. It is exactly 
along similar lines that the actylene industry has gained 
such a hold in automobile lighting as compared with the 
lighting by means of oil lamps first employed and still 
adopted on many automobiles. 

In the industrial field it is found that knowledge of 
illuminating engineering is of the utmost importance to 
the manufacturer of electric illuminants, as is evidenced 
by the fact that one interest has devoted some $50,000 
toward making investigation as to the requirements and 
the -methods of solving thagproblem of industrial light- 
ing. Before the manufacturer can hope to invade such 
fields he must make a thorough study of all the con- 
ditions, such as the placing of the units, the size of the 
lamp, the height above the floor, the color of the light, 
and many other problems which can only be solved by a 
thorough study. Examples of the benefits to be derived 
by the manufacturer in the study of these problems 
might be multiplied many times, but one other example 
will suffice. In the field of street lighting the old open 
direct-current are lamp giving the maximum candle- 
power at 45 degrees was almost universally employed in 
the early days of electric street lighting. A careful study 
of the problem showed that these lamps were far from 
being ideal for street lighting, and a thorough study of 
the problem, which is still being continued, has shown 
that illuminants of different characteristics are desirable, 
and there has therefore been introduced for such work 
the inclosed arc, the magnetic arc, the flaming arc, as 
well as different forms of incandescent electric illum- 
inants. In the case of gas street lighting, the old open 
flame burner has been almost entirely superseded by the 
mantle burner, either singly or in clusters, as for example 


the high-power high-pressure incandescent gas mantles 
used for lighting many of the cities of England and the 
Continent. It was only by a knowledge of the distribu- 
tion and character of the light that the manufacturer has 
been able to introduce his product against the competi- 
tion of the older and more firmly established illuminants. 

A knowledge of illuminating engineering improves the 
quality of the manufacturers’ product. The manufac- 
turer who would improve his product calls to his aid 
many of the different branches of illuminating engin- 
eering, using this term in its broadest sense. He calls 
upon the chemist, the physicist, the glass maker, the shop 
process man, the selling organization, for their experience 
in things desirable, and by means of all of these the 
product is gradually raised in quality, due to the wider 
knowledge of illuminating engineering. For example, in 
this country the quality of the incandescent carbon lamp 
has graduaily been raised so that to-day a lamp of from 
2.5 to 3 watts per candle is obtainable, where formerly 
for the same length of life a consumption of from 3 to 
3.5 and even 4 watts per candle was necessary; while 
in England, where little is as yet known of illuminating 
engineering, and where commercial methods have not the 
same tendency to advance it as they do here, the lamps 
reach as high as 8 or even 10 watts per candle, resulting 
most disastrously to the introduction of electric light in 
competition with gas. Summing up, therefore, it may be 
safely stated that one of the greatest values of illumin- 
ating engineering to the manufacturer is the resultant 
improvement in the quality of the illuminants he makes. 

It teaches the salesman to solicit business intelligently, 
and a salesman equipped with a knowledge of illuminat- 
ing engineering cannot be placed in the same class as 
one without this knowledge. This is so well recognized 
to-day that the trained illuminating engineers who also 
have selling ability command the higher salaries and are 
of far greater value to the manufacturer than those with- 
out this knowledge. This condition is so rapidly increas- 
ing that with the growing knowledge of illuminating en- 
gineering among the buying public, the companies whose 
salesmen have been best educated in illuminating engin- 
eering are those who are making most rapid progress. 

In a like manner it puts the manufacturer vsing il- 
luminating engineering above his competitors who are not 
employing such methods, for the manufacturer is, after 
all, nothing but a salesman, and what is true of the sales- 
man is also true of the manufacturer. This is well evi- 
denced by the recent rapid progress made by the manu- 
facturers of incandescent electric and gas illuminants 
who have made illuminating engineering departments part 
of their regular organization. 

B. BENEFITS TO THE MANUFACTURER OF SHADES AND 
REFLECTORS. 

To the manufacturer of ordinary glass shades which 
are designed primarily for decorative or diffusing pur- 
poses, a knowledge of illuminating engineering is of 
value. As an example can be taken the question of the 
color of illuminants and its relation to the glassware 
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used. Thus if a glass manufacturer wished to obtain a 
glass for home lighting which would give a warm color 
to the eye, but at the minimum loss of absorption, he 
would employ a different glass for tungsten lamps from 
that he would use with carbon, since in the latter case it 
is not necessary to employ as much color as in the former. 
Similar examples of the value of illuminating engineer- 
ing to other branches of ordinary decorative glassware 
might be easily multiplied, especially in the physiological 
and psychological effects it is desired to produce. 

In discussing, however, the subject of reflectors, it is at 
once evident that a thorough knowledge of illuminating 
engineering, not only in its broadest sense, but in its 
more narrow and usual application, must be employed. 
Thus, in the case of prismatic reflectors, there are all 
sorts of candle-power distributions which have been ob- 
tained to fit different conditions, as for example, the so- 
called “extensive,” “intensive” and “focusing” forms of 
distribution, all of which have been designed to fulfill 
lighting conditions which it would have been impossible to 
produce or even know the requirements of without a 
proper knowledge of illuminating engineering. In fact 
such glassware is, as a rule, designed after the require- 
ments have first been laid down in accordance with the 
principles of illuminating engineering. It is self-evident 
that new fields are being opened up from time to time by 
a study of the requirements through the aid of illumin- 
ating engineering. The same careful work is not only 
being done in the case of prismatic reflectors, but also 
with other types; for example, in the case of a type of 
reflector designed to give a symmetrical distribution 
throwing the light up and down the street which was de- 
signed after a study of the requirements had shown the 
necessity for a very broad candle-power distribution in 
which the flux of light was largely confined to the street 
rather than spread uniformly into surrounding space. In 
the case of indirect lighting there is another example, 
where, by careful design, distribution curves have been 
obtained which will give maximum efficiency for this 


system of lighting. As a matter of fact, the proper de-. 


sign of reflectors could hardly be said to exist were it 
not for a proper knowledge of illuminating engineering, 
and these two must of necessity go hand in hand. It is 
for this reason, probably, that the manufacturers of 
shades and reflectors were the first to recognize the value 
of illuminating engineering, and they have done all in 


their power to spread the art among the public as well 
as among those directly interested. 


Cc. VALUE TO THE MANUFACTURER OF APPLIANCES. 


Under this heading can be included all those devices 
which are directly applicable to the illuminants them- 
selves. Thus, there are the fixtures used to support the 
illuminants and their shades or reflectors; the burners in 
connection with mantle gas lighting; the sockets for elec- 
tric lamps; the tips for open gas and acetylene light- 
ing, as well as numerous other appliances. The fixture 
manufacturer has been, generally speaking, slow to recog- 
nize the value of illuminating engineering as applied to 
his art; but to-day the most progressive houses are recog- 
nizing its value and are accordingly taking advantage of 
it, much to their financial benefit, especially in commer- 
cial lighting. The lighting of a great majority of stores, 
office buildings and other commercial places is to-day 
being done by units which are properly supported by fix- 
tures designed to give definite results. This is equally 
true of both gas and electricity. The result has been 
that within the last five years the types of fixtures for 
lighting such buildings and places have been entirely 
revolutionized, and those manufacturers who do not 
take advantage of the knowledge of illuminating en- 
gineering necessary to obtain the desired results must of 
necessity fall behind in the race. Even in the case of 
more decorative plans where efficiency is of secondary 
consideration, a knowledge of illuminating engineering is 
beginning to tell. In the home to-day, for example, the: 
educated customer is beginning to insist that his house 
shall not only be properly lighted from an artistic stand- 
point, but also from an economical and physiological 
standpoint, and the manufacturer who can take ad- 
vantage of these conditions is the one who will get the 
business. It will therefore be evident that a knowledge 
of illuminating engineering in the proper design of fix- 
tures to fit the conditions at hand is also of value. 

In the case of burners for mantle gas lamps the ques- 
tion of price is of secondary consideration. This is evi- 
denced by the fact that the majority of the business of 
the country for this line is controlled by one company ; 
this is due to the quality of its apparatus rather than a 
question of price. Such burners, being designed along 
scientific lines and with the ideas of illuminating en- 
gineering used in its broad sense, have become standard 
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for this class of work throughout the country. The fact 
that the company above mentioned is employing illumin- 
ating engineering methods and is the foremost one in 
the gas field, fully bears out the point mentioned. 

A similar line of argument might be used in the case 
of acetylene burners, sockets and other material directly 
used in support of illuminants; but sufficient has been 
given here for the purposes in hand. 

D. VALUE TO THE MANUFACTURER OF CONTRIBUTING 
APPARATUS, 

The value to this class of manufacturers is indirect 
rather than direct, but that its value is great no one 
would deny. Thus in the incandescent electric lamp field 
the extension during the past few years into new fields 
has been tremendous, all of which means a larger demand 
for apparatus of all kinds. The manufacturer of the 
electric generator, the steam boiler and all the other 
necessary parts to a generating station—conduits, wire, 
porcelain, and all the appliances necessary for the dis- 
tribution of electrical energy, have been greatly benefited 
by the large increase in the use of electric energy, by 
reason of a more thorough appreciation of its advantages 
by the public, which have been largely caused by the cor- 
rect use, due to a knowledge of illuminating engineering, 
either on the part of the customer or those responsible 
for the sale of the illuminants. That this is of great 
practical value is recognized by the great electrical job- 
bing fraternity of the country, who, when asked by a 
prominent manufacturer whether they would rather have 
a larger margin of profit and have the educational work 
in illuminating engineering by the manufacturer cease, 
or have their present margin of profit with the educa- 
tional work in illuminating engineering continued, stated 
that owing to the large increase in sales of contributing 
apparatus as well as the direct illuminants and their ac- 
cessories, they would much prefer to have the missionary 
work in illuminating engineering continued. 

CONCLUSIONS. 

It is seen from the examples cited above that illumin- 
ating engineering is of great benefit to the manufacturer 
of all sorts of apparatus used in connection with artificial 
lighting, either directly or indirectly, and the fact that 
large sums of money are being spent to further the 
knowledge of illuminating engineering is ample evidence 
of the correctness of this statement. 


RULES GOVERNING THE COMPETITION FOR 
THE $15,000 FLYING MACHINE PRIZE 
OFFERED BY MR. EDWIN GOULD. 


1. A prize of $15,000 has been offered by Mr. Edwin 
Gould for the most perfect and practicable heavier-than- 
air flying machine, designed and demonstrated in this 
country, and equipped with two or more complete power 
plants (separate motors and propellers), so connected 
that any power plant may be operated independently, or 
that they may be used together. 


CONDITIONS OF ENTRY. 


- 2. Competitors for the prize must file with the Contest 
Committee complete drawings and specifications of their 
machines, in which the arrangement of the engines and 
propellers is clearly shown, with the mechanism for throw- 
ing into or out of gear one or all of the engines and pro- 
pellers. Such entry should be addressed to the Contest 
Committee of the Govunn-Screntieic American Prize, 361 
Broadway, New York city. Each contestant, in formally 
entering his machine, must specify its type (monoplane, 
biplane, helicopter, etc.), give its principal dimensions, 
the number and sizes of its motors and propellers, its 
horse-power, fuel-carrying capacity, and the nature of its 
steering and controlling devices. 

3. Entries must be received at the office of the Scren- 
tiric American on or before June Ist, 1911. Contests 
will take place July 4th, 1911, and following days. At 
least two machines must be entered in the contest or the 
prize will not be awarded. 


CONTEST COMMITTEE. 


4. The committee will consist of a representative of 
the Screntiric American, a representative of the Aero 
Club of America, and the representative of some tech- 
nical institute. This committee shall pass upon the prac- 
ticability and efficiency of all the machines entered in 
competition, and they shall also act as judges in deter- 
mining which machine has made the best flights and com- 
plied with the tests upon which the winning of the prize 
is conditional. The decision of this committee shall be 
final. 

CONDITIONS OF THE TEST. 


5. Before making a flight each contestant or his agent 
must prove to the satisfaction of the Contest Committee 
that he is able to drive each engine and propeller inde- 
pendently of the other or others, and that he is able to 
couple up all engines and propellers and drive them in 
unison. No machine will be allowed to compete unless 
it can fulfill these requirements to the satisfaction of the 
Contest Committee. The prize shall not be awarded un- 
less the competitor can demonstrate that he is able to 
drive his machine in a continuous flight, over a designated 
course; and for a period of at least one hour he must run 
with one of his power plants disconnected; also he must 
drive his engines during said flight alternately and to- 
gether. Recording tachometers attached to the motors 
can probably be used to prove such performance. 

In the judging of the performances of the various ma- 
chines, the questions of stability, ease of control, and 
sifety will also be taken into consideration by the judges. 


The machine best fulfilling these conditions shall be 
awarded the prize. 

6. All heavier-than-air machines of any type what- 
ever—aeroplanes, helicopters, ornithopters, ete.—shall be 
entitled to compete for the prize, but all machines carry- 
ing a balloon or gas-containing envelope for purposes of 
support are excluded from the competition. 

7. The flights will be made under reasonable condi- 
tions of weather. The judges will, at their discretion, 
order the flights to begin at any time they may see fit, 
provided they consider the weather conditions sufficiently 
favorable. 

8. No entry fee will be charged, but the contestant 
must pay for the transportation of his machine to and 
from the field of trial. 

9. The place of holding the trial shall be determined 
by the Contest Committee, and the location of such place 
of trial shall be announced on or about June Ist, 1911. 


Sensitive Indicating Micrometer 


Tue accompanying illustration shows a micrometer. 
The object of this tool is to avoid dependence on the 
sense of touch of the person handling the measuring 
tool. In the instrument shown the accuracy of the 
reading is independent of the sense of touch or experi- 


SENSITIVE INDICATING MICROMETER 


ence of the operator, and a correct reading can be 
easily detected by the eye by means of an indicator. 
The principle of the device is simply this: The sta- 
tionary member or anvil A is attached to a circular 
diaphragm B, which is supported on its circumfer- 
ence in the head C. This head is cut away, so as to 
form a cone-shaped depression, which, in connection 
with the diaphragm, forms a receptacle for mercury. 
The head C is provided with a stem, which fits into 
a bearing in the micrometer frame, and is slightly ad- 
justable. A capillary tube D is partially imbedded in 
the frame, and has one end screwed to the stem of C, 
by means of a collar E. An adjustable scale F is ar- 
ranged at the center of the frame. When measuring, 
the object to be measured will be pressed against the 
anvil A, until the mercury in the tube reaches zero 
graduation on the scale F. For every piece measured 
the micrometer screw will be screwed down until the 
pressure on the anvil equals the standard pressure re- 


quired for the mercury to indicate at zero on the 
scale. The tube, of course, must be made of glass, so 
as to make the mercury column inside visible to the 
eye. It is evident that very close measurements can 
be obtained in this way. One objection to the instru- 
ment may be that it must be held in a vertical, or 
nearly vertical, position when in use. The principle in- 
volved, however, may possibly be used for other micro- 
meter measuring instruments, where the dependence on 
the sense of touch is objectionable—Machinery. 


Invisible Phosphorescence 

phosphorescence, first observed in fluor 
spar soon after the discovery of the Roentgen rays, has 
since been detected in a great many substances. Pauli 
has recently discovered infra-red phosphorescence in the 
sulphides of the alkaline-earth metals. In Pauli’s experi- 
ments the infra-red, as well as the ultra-violet bands of 
phosphorescence were fixed by photography. A Lenard 
spark phosphoroscope was employed to produce phos- 
phorescencg in the substance, which was placed in a quartz 
vessel before the slit of a spectroscopic camera. An 
exposure of 30 minutes usually sufficed for the ultra- 
violet bands. The places of these bands in the spectrum 
were fixed by photographing the spark spectrum of zinc 
beneath the spectrum of the phosphorescent substance, 
and the positions of maximum intensity were deduced 
from the sensitiveness of the plate for different wave- 
lengths. 

It was far more difficult to photograph the infra-red 
bands, owing to their extreme weakness and the small 
sensibility of the plate to infra-red rays. The exposure 
usually continued ten hours, and often from thirty to fifty 
hours. The plates were sensitized with decyanine, alone 
or mixed with cyanine. The positions of the maxima of 
the infra-red bands were determined by photographing 
the line spectra of lithium and potassium and the con- 
tinuous spectrum of a source of known distribution of 
energy according to wave-length (the Hefner lamp) be- 
neath the phosphorescent spectrum. 

Phosphorescent bodies containing calcium sulphide show 
the most numerous ultra-violet bands, strontium com- 
pounds a smaller number and barium compounds none 
at all. These bands seldom extend beyond the wave- 
length 300uu (millionths of a millimeter) and their posi- 
tion is independent of the method by which the phos- 
phorescence is excited. Certain substances, when very 
strongly excited by cathode rays, emit momentarily radia- 
tions which extend very far in the ultra-violet, to the 
wave-lengths which are absorbed by the atmosphere. 

Infra-red phosphorescence is a much rarer phenomenon ; 
which Pauli has observed in only four substances. The 
phosphorescence exhibited by a fluoride of calcium and 
nickel extended farthest in the infra-red region, to about 
915uu. In all cases the infra-red phosphorescence is very 
short-lived, owing to the extinguishing effect of the infra- 
red rays. The ultra-violet phosphorescence is much more 
persistent. 

Pauli’s discoveries give support to Lenard’s theory, 
that the remarkable displacement toward the red, which is 
produced in the bands of calcium, strontium and barium 
sulphides by the addition of a heavy metal, is due to 
electric oscillations in the atom of the last—La Nature. 
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A Spanish Mining Concrete Pier 


A Remarkable Cement Structure at Guadalquivir 


Marcu 11, 1911 


Tue construction of the Guadalquivir concrete pier for 
the Spanish mine Aznal Collar is shown in the accom- 
panying illustrations and diagrams, and was the work 
of the Compania Gaditana de Minas. The electrically 
operated crane, which served the vessels employed in the 
building of the pier, is shown in Fig. 1. 

This reinforced concrete pier measures 162.5 meters 
(532.1 feet) in length and 5.3 meters (17.4 feet) in 
width, a portion of the pier 51 meters (167.3 feet) long 
being on a curve having a radius of 100 meters (328.1 
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FIG 3.—DIAGRAM SHOWING THE ARRANGEMENT OF ELECTRIC 
CRANE 


By Frank C. PerKins 


feet) as indicated in the plan (Fig. 2), the remainder 
of the pier, 11.5 meters (37.7 feet) in length, being 
straight and served by a track of one meter (3.28 feet) 
gage, on which the locomotive and cranes are trans- 
ported under the portal of the traveling crane. 

The diagram, Fig. 3, shows the arrangement of this 
electric crane as indicated in illustration Fig. 1 designed 
to travel on a track, the rails being 5 meters (16.4 feet) 
apart and installed on the outer edges of the concrete 
structure. The current is conveyed to the crane motors 
by three live rails or conductors as seen in Fig. 1; the 
power being supplied to a sub-station on the pier struc- 
ture and connected with an electric power transmission 
line supplying current from the mining generating sta- 
tion. The crane has a capacity of 10,000 kilogrammes 
(22.046 pounds) when lifting a load with a radius of 12 
meters (39.4 feet). 

The method of driving the concrete pile is shown in 
the front page illustration, a portable steam boiler and 
hoist being provided on the scaffolding and a steam 
hammer being utilized for driving the concrete pile. The 
illustration Fig. 5 shows the breaking of a reinforced 
concrete pile 12% inches square while under test and 
showing a remarkable resisting power and great strength. 
These concrete piles were driven 3.3 meters (10.8 feet) 
apart as seen in drawing Fig. 3 which shows the high 
water level as well as the lowest water level and the 
depth of the Gaudalquivir River adjacent to the rein- 
forced concrete pile. This concrete structure was de- 
signed and constructed under the directions of Juan 
Manuel de Zafra, an engineer of Madrid, Spain, and 
professor of “Reinforced Concrete Construction” and of 
“Harbors and Coast Lighting” at the engineering institu- 
tion Escuela Especial del Cuerpo. 


M. Ph. Berger recently communicated to the Aca- 
demie des Inscriptions a Jewish manuscript obtained 
by the Pelliot expedition, which is one of the most 
ancient we possess. It is a prayer made up of pas- 


sages taken from the Psalms or Prophets, written in 
good Hebrew characters of the square type with a still 
indimentary vowel notation. The leaf is folded upon 
itself and is intended to be carried by the owner. Paris 
archeologists pronounce it to be of the eighth or ninth 
century A. D. It has a great resemblance to the Hebro- 
Persian manuscript which M. Stein brought from east 
Turkestan of about the same epoch. The manuscript 
has some noteworthy points which are now being studied. 


FIG, 5.—OPERATION OF TEST FOR BREAKING REINFORCED 
CONCRETE PILE 
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ric, 2.—PLAN OF THE REINFORCED CONCRETE PIER, SHOWING TRACK CURVE, ETC. 
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Blue-Printing by Machinery 


A Collection of Interesting Contrivances 


Iv the days before the general introduction of the blue- 
print, it was necessary to keep the plans and drawings 
of «a structure or engineering project in an office or a 
shanty erected for the purpose. The superintendents and 
workmen were obliged to familiarize themselves with the 
plans as far as possible and whenever a doubt or question 
arose, it was necessary to interrupt the work while an 
excursion was made to the place where the drawings 
could be consulted. Under the old order of things a 
duplicate set of drawings represented such an outlay 


By George J. Jones 


electric arc lamps. The tracing automatically drops off 
and the paper continues under the board into the wash- 
ing trough and under the roller, then passing upward. 
A constant spray of water is thrown over the surface 
of the paper at this point and runs over the entire sur- 
face. The paper then passes between squeegee rollers to 
a roller at the top of the machine, thence it is stretched 
over a series of rollers and dried before being finally 
wound up on a roller provided for that purpose. A gas 
or steam heater supplies sufficient heat to dry the paper 


A DOUBLE BLUE-PRINT MACHINE 


that it was not to be considered unless imperatively de- 
manded. Af present, however, because of the introduction 
of the blue-print, almost every workman can have a set 
of drawings at his elbow. In fact, about machine shops 
and similar establishments, it is the present custom to 
supply copies of the original drawings to all workmen 
engaged on the job. In this manner the work of con- 
struction has been greatly facilitated. 

The blue-print was not long in working its way into 
popular favor. However, as these prints were exclusively 
made by the sun, a spell of bad weather seriously inter- 
fered with the work of turning out the prints, thereby 
delaying important engineering or architectural projects 
dependent on the delivery of the prints. 

Recently electricity has been used for making these 
prints irrespective of weather conditions and there are 
now several machines with which the printing is carried 
on almost automatically by artificial light. 

One of these blue-printing machines, which we illustrate 
herewith, not only does the printing, but also washes and 
dries the prints, running water being utilized for the 
washing, and the drying being done with gas or steam. 
This machine is operated by a small electric motor. It is 
designed to operate on an incandescent electric circuit 


THE WIPER OF THE BLUE-PRINT MACHINE 


supplying 110 or 220 volts direct current or 104 volts 
alternating current. It is said to be able to give 5,000 
square feet of blue-printing per day. Continuous prints 
can he made, of any length, with stop or readjustment. 
The sensitized paper and tracing are fed in at one end 
of the machine like a printing press and the print and 
tracing fall into a dark box at the other end. The ten- 
sion or pressure is automatic and does not depend on the 
operator, the contact being perfect. 

The operation of the machine is exceedingly simple. 
The roll of blue-print paper used passes with the tracing 
over the printer and is printed by a light from five 


perfectly. Separate prints may also be washed and dried 
as easily as a continuous length. 

The machine is supplied with from three to five electric 
lamps which are suspended in such a manner that the 
light from them falls directly upon the sensitized paper 
and tracing cloth as they pass. The print is thus auto- 
matically made without any manipulation on the part of 
the operator. An electric motor moves the continuous 
bands which carry the sensitized paper and tracings in 
front of the lamp, being on the same circuit as the lamps. 
A double cone speed changing mechanism is used to 
change the speed. 

We also illustrate another machine which is adapted 
to take individual prints as they emerge from the print- 
ing machine and put them through the finishing stages 
without any handling whatever. It dispenses with the 
slop and splash which resulted from the manipulation of 


ried off. The sheet is left under these streams until the 
subsequent one is taken from the printing frame and 
then it is moved along automatically and the new shect 
takes its plice under the jets. The washed print pro- 


BLUE-PRINT WASHING AND DRYING MACHINE 


gresses to a wiping device which removes the surplus 
water from the moistened surface. Still on the drying 
rod, on which it was originally placed, it is passed to a 
pair of revolving chains which take up the rod and its 


MACHINE FOR PRINTING, WASHING AND DRYING BLUE-PRINTS 


the prints by the old system. The prints are washed by 
a number of small streams of water directed upon the 
sensitized side of the paper only as the sheet hangs over 
a rod. Thus the paper is not saturated as it is in the 
bath, but the ferro-prussiate is just as thoroughly car- 


burden and carry it slowly upward through a current 
of warm air. Thus it is ‘passed over and back and finally 
finds its way to a rack in the rear of the machine where 
the sheets hang separated from one another by a space of 
several inches, to permit thorough drying. 
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An Appreciation of Thomas Davenport 


A Pioneer in Electrical Engineering 


\ nation that spends as much every year for electricity 
as for daily bread may well entertain sentiments of rev- 
erence toward its pioneers in the electrical arts. That 
part of our country which has given birth to some of 
the most notable of these pioneers may also well exhibit 
special pride in the fact, and signalize it in appropriate 
manner. It is indeed noteworthy that New England 
has to her credit a wonderful list of electrical worthies, 
and through them has forever set, deep and imperishable, 
a stamp on American invention and industry as distinct 
ive and unmistakable as the imprint of her poets in liter- 
ature and her statesmen in politics. No other geographic 
division blends these merits in equal degree with New 
England. ‘To Massachusetts as natives of Boston we owe 
Benjamin Franklin, who snatched the lightning from the 
clouds; and Morse, who as father of the telegraph, made 
the lightnings talk. To her also we owe Cyrus Field, 
the great creator of submarine cables, and his brilliant 
nephew, the electric dynamo and railway pioneer, Stephen 
D. Field, both natives of Stockbridge. From North Adams 
also came Frank Julian Sprague, to whom more than any 
other living man is due our pre-eminence in the art and 
industry of electric traction on railroads and of electric 
elevators in buildings. To the Wallace family of Ansonia, 
Connecticut, we are indebted for the development of our 
electrical wires and cables, and for the production of 
our first lighting dynamos and are lamps. From Bos- 
cawen in New Hampshire came Moses Gerrish Farmer, 
inventor and founder of the modern fire alarm system 
and original discoverer of the modern self-exciting dyna- 
mo principle so fundamental in all our work. And while 
neither Edison nor Bell was a native New Englander, 
it was in Boston that Edison made and patented his 
first invention and in Boston that Bell gave to the world 
the telephone and the art of electrical speech transmis- 
sion. At Lynn for a quarter of a century, also Elihu 
Thomson has been producing with lavish genius one beau- 
tiful invention after another in electric light, power, heat 
and measurement. 

Only yesterday, I received a letter from Randolph, 
Vermont, from Mr. A. B. Chandler, President of the 
Postal Telegraph system, informing me that he is a 
native of this state. This veteran has been the success- 
ful organizer of the only competing telegraph system that 
ever survived in the United States; while he and Charles 
\. Tinker, another Vermonter, and one of the chiefs 
of the Western Union system, were President Lincoln's 
confidential telegraphers at the White House during the 
whole Civil War. There were four such men, and it is 
singular to say the least that two of them should have 
been Green Mountain Boys. 

This is surely a noble record of illustrious names and 
rich achievements well distributed among sister states; 
but my special duty and honor is to add thereto with 
emphasis, in this region where he lived and dreamed 
and suffered and wrought, the name of Thomas Daven- 
port, of Brandon, Vermont; the first American patentee 
and builder of the electric motor; the first man in all 
time to apply electric power to the operation of railways; 
the first man in the world to hitch together those two 
tremendous forces, electricity and the printing press. 
Seen from the industrial standpoint it is significant 
that his patent, if enforced to-day, would embrace every 
one of the millions of electric motors now in_ service 
in the United States, whose royalties would constitute 
an income equal to anything enjoyed by Rockefeller or 
Carnegie. That we have escaped such a gigantic monop- 
oly is something on which we, and perhaps even the 
descendants of Davenport, are to be congratulated; but 
it would have been a merciful dispensation if the bitter 
bread of struggle and disaster eaten all the years of 
his short life by this extraordinary genius, this prophetic 
village blacksmith, could have been sweetened with the 
merest modicum of the vast wealth that his glowing con- 
ceptions have helped to create for the benefit of us all. 

Thomas Davenport was born at Williamstown, Orange 
County, Vermont, a descendant in direct line of the Dav- 
enport family conspicuous in the early annals of the 
New Haven Colony. He was eighth in a family of eleven, 
and it may not be an impertinence to suggest that neither 
New England nor Vermont is likely to breed more like 
him until it resumes the good old habit of such large 
families, not merely to enjoy these fair hills and pas- 
tures but to go out and conquer the world at large. 
Thomas was only ten when his father died, only fourteen 
when he was apprenticed to the blacksmith trade. A 
farmer's sons in those days had to depend for education 
on the little red school house. ‘To-day, perhaps, a Ver- 
mont farm boy is lucky if he finds the little red school 
house in existence nearby. All the formal education that 
Davenport got was for six weeks a year, for a briefly 
indefinite number of years, in a common district school 
house in a remote mountain town. But he did get hold 
of some fragmentary portions of a scientific book, and 
as he blew the bellows, so with it he fed and fanned the 
fires of his intellect. Meantime he lived at Forestdale, 
then a center for a little iron industry, the blast fur- 
nace being located there doubtless because of the avail- 
ability of charcoal. He was a slender, thoughtful lad 
and never appears to have been in very robust health. 
The whole drift of his thought is indicated by the fact 
that having made the acquaintance of another clever 
young fellow named Orange A. Smalley, wagon builder 
und wheel wright, he formed the ambitious plan of going 


*Issued by the Vermont Electrical Association. 


By T. Commerford Martin 


from place to place to deliver experimental scientific 
lectures. The question of apparatus came up, and very 
naturally into the discussion came the wonderful “gal- 
vanie magnet” of Joseph Henry in operation at the 
Penfield Iren Works at Crown Point, only twenty miles 
away, for sifting magnetic iron ore. This magnet it was 
rumored, would hold up a_ blacksmith’s anvil, like 
Mahomet’s Coffin between heaven and earth, and Daven- 
port determined to see it and get one. During the 
intervening years the peripatetic lecture scheme seems 
to have been wholly abandoned, a reason being found in 
his settlement at Brandon in 1823 as an independent 
working blacksmith and his marriage in 1827 to Emily 
Goss, of that town, a beautiful girl of seventeen, grand- 
daughter of the famous American traveler and explorer, 
Jonathan Carver. Under such stimulus he worked hard 
at his trade, prospered and built himself a brick house. 
He was altogether in a fair way to accumulate a com- 
fortable property, for he was intelligent, sober, upright, 
diligent; but electro magnetism was his undoing. We 
might almost call it “malicious electro-magnetism.” Going 
to the Penfield works in 1833 with $18 to buy iron for his 
business, he spent the money there instead in part 
payment for an electro-magnet and batteries. The iron 
was needed at the shop, but how much more he needed 
that magnet! We must even yet extend our retrospec- 
tive sympathy to the Vermonters with wagons and bug- 
gies at his door then awaiting treatment. But shall we 
pity Davenport putting behind him material welfare 
for the sake of a wild fancy? As he handled the primi- 
tive little equipment “like a flash” he says “the thought 
occurred to me that here was an available power which 
was within the reach of man.” Yes it was there, and 
his was the superb divination of genius to detect it. He 
was like another Saul hunting down his father’s asses 
and finding a kingdom. Again, I ask, shall-we pity him, 
or shall we not regard him as another of those who have 
come out of great tribulation to attain lofty ideals?— 
another of the immortals selected in some mysterious 
way to be the leaders of the race, the fire bringers? 

Certainly from the materialistic point of view, that 
magnet was a curse, like those legendary possessions 
inflicting injury upon their fatuous owners. Never again 
was Davenport to know peace of mind. Never again were 
his family to enjoy a home of comfort. Indeed they 
were called upon to share his sacrifices. It was sup- 
posed in those days that wire needed silk for insulation. 
His brave young wife took her silk wedding gown, cut 
it into narrow strips, and with them were wound the 
coils of the second motor which in October, 1835, he 
showed in successful operation upon the judges’ bench 
in the courtreom at Troy, New York. Wifely devotion 
could hardly go much further. We are told that when 
Palissy, the famous French potter, was close upon the 
discovery of his beautiful enamel, he used up the fur- 
niture of his home and tore down the very woodwork 
lining the walls to feed the fires of his kiln. Madame 
Palissy protested and remonstrated, and it is not to 
be urged against her that she was unreasonable. But 
while our respectful sympathy goes forth to Madame 
Palissy our admiring love is won by Mrs. Davenport. 
Later on Davenport learned that silk was not so essen- 
tial but that cotton-wound wire would do. Thus the sim- 
ple machinery used to cover the wire in our grand- 
mothers’ poke bonnets and crinolines was equally service- 
able in the electrical arts. There has always been a 
close and curious relationship between electricity and 
“the sex,” and it is largely through such work as that 
of Davenport that womankind are being emancipated 
from all manner of domestic toil. All electrical appa- 
ratus is peculiarly susceptible to female manipulation, 
and it is not merely because it has to do with conver- 
sation that the telephone service is to-day almost entirely 
carried on by women. 

Of course the inventor had friends in all his strug- 
gles, though many of them including his shrewd and 
kindly father-in-law urged him to quit and settle down 
to the commonplaces of life. Others like the talented 
Smalley worked with him awhile, and then drew off. 
One of his strongest supporters was Ransom Cook, a 
furniture manufacturer of Saratoga Springs, who gave 
Davenport for some years the aid of his purse, and the 
assistance of his unusual mechanical ability. From Pro- 
fessor Turner of Middlebury College; from President 
Eaton of the Rensselaer Polytechnic Institute, from 
General Van Rensselaer, of Troy; from Professor Henry, 
of Princeton, he received generous and substantial help, 
all of them appreciating that this shy, untutored genius 
had made one of the greatest advances in physics and 
mechanics. Everywhere he got good advice and compli- 
ments, but such work required more than anything else 
the backing of real money. Going sanguinely to Wash- 
ington in 1835 to secire a patent on his first motor— 
he had already built about a dozen—he was obliged to 
return home penniless, his errand unaccomplished, like 
Mark Twain's politician who drove to the National Cap- 
ital in a four-in-hand to get his appointment and then 
after months of weary waiting slunk away on foot— 
without it. Time and again we find Davenport playing 
the part of a showman, glad to pick up a few casual 
dollars in that way; but at no time getting out of finan- 
cial difficulties or planting his feet firmly on the rock 
of commercial success. It must have been heart-break- 
ing, and some of his letters show how the iron entered 
his soul. But his work never ceased, his interest never 


flagged, amid all vicissitudes. He remained an inventor 
to the end of his brief life in 1851, only 49 years of age, 
in the retirement of an invalid on a small farm at 
Salisbury, Vermont. The very year of his death he 
was engaged on some beautiful and successful experi- 
ments directed to producing and sustaining the vibration 
of piano strings by electro-magnetism, being again a pio- 
neer in the application of electricity to music. He was 
also engaged throughout his life in the invention and 
improvement of primary batteries, devising various types 
of plates and solutions. 

And now for a brief glance at what Davenport actually 
did, a review of the reasons that warrant the erection 
of this memorial. There is always the danger of claim- 
ing too much for an inventor of the pioneer type; there 
is always the temptation to read into his record that 
which belongs only to later years when an art has been 
perfected by a multitude of men and by the courageous 
venturing of capital on perilous enterprises. When Dav- 
enport came on the scene, Faraday and Henry had al- 
ready done their great work; and the principles of 
both the electric generator and the electric motor had 
been clearly perceived and enunciated. Yet there were 
no real motors before Davenport’s time, and had the 
dynamo then been known his work would have been car- 
ried to instant fruition. Davenport and others much 
later than he failed of the goal because they had no 
ready source of cheap current, and because the double 
function of the motor, its reversibility, so that if oper- 
ated by exterior power it would generate current, was 
unknown. It is at least twenty times as costly to use 
up zine in a battery as to get the same equivalent elec- 
trical energy from coal driving a steam pipe connected 
to a dynamo. In Davenport’s day they had not learned 
to convert either the energy of steam or that of the 
waterfalls into electric current; and thus all the electrical 
arts lingered and languished, except telegraphy. The 
reason is simple. Beginning at the same time as Daven- 
port, and deriving it would: seem, both suggestion and 
inspiration from his apparatus, Morse was able to make 
practical the art of communicating intelligence because 
it took such a small amount of energy to transmit sig- 
nals by dots and dashes over a wire. But when Daven- 
port told the great Joseph Henry that he proposed to 
build his motors up to one horse power, the cautious 
philosopher warned him to “go slow,” and hinted that 
electricity could not compete with steam. In Europe, 
Jacobi, like Davenport, as early as 1834, had obtained 
rotary motion from electro-magnets, and in 1838, at the 
expense of Emperor Nicholas he propelled a boat on the 
Neva with his motor energized from batteries. Here 
again the demonstration failed and ceased for lack of 
an economical source of current. There is close rivalry 
as to dates between the physician in Russia and the 
blacksmith in Vermont, but both at least encountered 
the same fatal obstacle, the lack of cheap current. So 
far, moreover, electricity has made no triumphal entry 
into navigation, but at a time when his native State had 
not a single mile of steam railroad, Davenport built his 
little model of an electric road and asserted that that 
was the best way to do it. Had he been able to harness 
up any one of the adjacent water powers, he could have 
proved the truth of his assertion. That, however, was 
left for our day, when electricity has demonstrated its 
superiority, in every sense, for traction. 

In July, 1834, Davenport had built his first motor 
with two stationary electro-magnets and two revolving, 
the changes of polarity in the two sets causing attrac- 
tion and repulsion, with consequent rotation, thus, as he 
says, “producing a constant revolution of the wheel.” 
We have not advanced a bit since that hour nor can we, 
for as Davenport wrote at the time of securing his 
patent, the principle of his invention “was the produc- 
tion of rotary motion by repeated changes of magnetic 
poles.” If anyone can improve on the method or the 
description of it he is entitled to a high place in his- 
tory. That patent, granted February 25, 1837, first of 
its kind in America, was broad as a Papal Bull, and 
embodied this claim; “The discovery here claimed and 
desired to be secured by letters patent consists in 
applying magnetic and electro-magnetic power, as a 
moving principle for machinery in the manner above de- 
scribed, or in any other substantially the same in prin- 
ciple.” Writing of Davenport’s work fifty years later, 
in 1891, Franklin L. Pope, the leading electrical patent 
expert and litterateur of his day, said: “If this patent 
which expired in February, 1851, were in force to-day, it 
is not too much to say that upon a fair judicial con- 
struction of its claim, every successful electric motor now 
running would be embraced within its scope.” 

The crude motor of 1834 was soon followed by an im- 
proved form in 1835 and by many others as the years 
went by. The motor of 1835 is interesting as being 
the earliest known instance of the application of the 
modern commutator. An elastic contact-spring or brush 
pressed against metallic segments fixed upon a revolving 
shaft, so that the shifting polarity of the magnets was 
maintained as current was received from the battery. 
In 1836 and 1837 motors and models were built illus- 
trative of electric railway work, and the motor was shown 
to the public running on a miniature circular track 24 
inches in diameter. The battery was not carried by the 
car but was placed on a tray at the center of the circle 
and contact was made through mercury cups. This device 
embodied therefore, remotely but inevitably, the idea 
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of a central station source of supply. Later inventors 
still carried their batteries on the car, just as a storage 
battery car does to-day. Moreover the motor field mag- 
nets and those of the armature were connected in par- 
allel, so that at that early date we have a shunt wound 
motor, each core being wound twice with 24 rovolutions 
of No. 10 wire connected in parallel. Another striking 
fact was that as the model itself showed, the circular 
track was used as the return circuit, just as every 
trolley car uses it to-day. In 1836 his motor model filed 
at the Patent Office in Washington was destroyed by 
fire, as well as 7,000 other models; just as another Dav- 
enport motor at the Renssalaer Institute, Troy, was de- 
stroyed in 1862 by fire. This kind of fatality pursued 
much of his work. In 1893, the present speaker exhib- 
ited at the Chicago Columbian Exposition one of these 
Davenport railways, where it received an award. Its 
exhibit was requested for the American section of the 
Paris Exhibition of 1900, and it was shipped early in that 
vear with the Government exhibits on the steamer 
“Pauillac.’” Violent storms swept the Atlantic, and 
the steamer has never been seen since. In like manner 
disappeared the first dynamo ever placed on a ship. Mr. 
Edison equipped the Arctic exploring ship “Jeannette” 
with a little dynamo arranged so that if necessary it 
could be driven by manual power “to help keep the men 
warm.” The ill-fated “Jeannette” like the “Pauillac” now 
lies in ocean depths awaiting some cataclysm thousands 
of years hence, when men may see again these relics of 
their remote ancestors, preserved in the museum of 
Eternity. 

Nothing daunted by fire, Davenport made a third trip 
to Washington in 1837 and secured his memorable pat- 
ent, first of a long line in which the inventive genius of 
our people has shone forth so strikingly. During the 
same year, Davenport and his friend Cook established 
themselves in New York with a laboratory and _ shop, 
and gave exhibitions of their apparatus to crowds of 
visitors, including Morse, already busy on his telegraph, 
and Page, who 14 years later operated a battery-driven 
locomotive of 12 horse-power on the Washington and 


Baltimore Railroad. In March, 1837, the partners, to 
raise funds for their work, organized the Electro-Mag- 
netic Association with its stock divided into shares. So 
far as can be ascertained this was the first electric 
stock company in America, first of several thousands now 
representing a total capitalization of ten billions of dol- 
lars in bonds and stock and earning gross over $1,200,- 
000,000 annually. The manager of the financial trans- 
actions of the partners was not, however, particularly 
honest, and it required a chancery suit to secure an 
accounting, as he turned in only $1,700 out of the $12,000 
received. This disgusted Cook and led to his withdrawal 
from the enterprise. As a piece of misfortune the inci- 
dent was matched later about 1840 when a gentleman in 
Ohio proposed to join Davenport and gave him $3,000 
in Ohio bank notes for an interest. Davenport had 
spent just $10 when he learned that the bank had just 
broken, and that the money had become worth nothing. 
Davenport was not only the first man to drive a print- 
ing press by electric motor, but he was the editor and 
publisher of the first electrical journal in the world. In 
1839 he gives details with regard to the operation of a 
rotary printing press with a motor weighing less than 
100 pounds. In January, 1840, he began in New York 
City the publication of a journal which he called The 
Electro-Magnet and Mechanical Intelligencer, which was 
not only devoted to electricity but was printed by elec- 
trical energy. There is evidence that a second number 
was issued, but it is doubtful if the periodical ran to 


a third number for on January 28 he wrote to his brother’ 


in Brandon about the difficulties inflicted on him by im- 
pecuniosity. He had done all the editorial work him- 
self, and found that it would cost $10 per week to 
secure editorial articles. There was no advertising, “and 
I have no way to get a few dollars except by the pros- 
pect of getting subscribers.” The paper seems to have 
gone prematurely to its death, but only a few months 
later, on July 4th, Davenport came out with another 
journal which he called The Magnet. This had a real 
live editor, salary unknown, but it does not appear to 
have had any longer life than its predecessors. Both 


Magnetic Alloys 


SCIENTIFIC AMERICAN SUPPLEMENT No, 1836 155 


were tiny little quarto sheets, but they were the first 
of their kind in America, probably first in the world, 
and made Davenport the father of electrical journalism. 
Copies of both journals are preserved in the offices of 
the National Electric Light Association. As an elec- 
trical editor of thirty years’ standing the speaker i: 
proud to greet the village blacksmith as a fellow crafts- 
man and proud again to assist in this tribute to the first 
of his profession in America. It is interesting to note 
that Davenport also employed various motors to drive 
his printing-press of the solenoid type, or “axial mag- 
net,” in which reciprocating motion was obtained by the 
attraction and repulsion of a core within a hollow electro 
magnet. While the principle was not altogether new 
with Davenport, his caveat filed in 1838 with the United 
States Patent Office is believed to be the earliest proposal 
to employ the principle for industrial purposes. 

These are the bare outlines of a fascinating record, 
on which one would love to linger. It must be added, 
however, as an item of interest that it was proposed to 
develop Davenport’s invention in England and that he 
actually took out an English patent. This may or may 
not have been the first American invention or “Yankee 
notion” patented abroad; but it was beyond any doubt 
the first electrical one, again first of a long series. It 
is really extraordinary how many things Davenport was 
the first American to do. They may not have been 
done on the grand scale, but it is not magnitude that 
counts. What does count, however crude, is the con- 
ception, the idea, the execution of the idea in practice. 
In all this we shall find Davenport's record astounding 
and unimpeachable. 

These then are in brief the reasons why we electricians 
honor Davenport and revere his memory. These are the 
reasons why his native state and his country should be 
proud of him. These are the reasons why struggling 
against adversity, dying in poverty, and long obscured 
by forgetfulness, this modest, simple son of Vermont 
stands forth as conspicuous as one of her granite moun- 
tains, among the immortals who for the benefit of their 
fellowmen have tamed and utilized the lightnings. 


A New and Important Field of Investigation 


By H. A. Knowlton, University of Utah 


Wrru respect to their magnetic properties all materials 
can be divided into three classes: 

(1) Diamagnetiec substances, such as bismuth, which, 
in a magnetic field, set themselves with the long axis of 
the specimen across the lines of force and tend to move 
from the stronger to the weaker part of the field. 

(2) Weakly para-magnetic substances, such as many 
metallic compounds and their aqueous solutions, which 
are drawn into the strongest part of the field but do 
not exhibit phenomena by hysteresis or magnetic satura- 
tion. 

; (3) Strongly para-magnetic or ferro-magnetic sub- 
stances, such as iron, including those usually spoken of as 
magnetic, which are drawn with a considerable force 
toward the strongest part of the magnetic field and are 
further distinguished from the weakly para-magnetic sub- 
stances by the phenomena of magnetic saturation. 

Besides iron, the latter class includes magnetite (Fe,O,), 
pyrrhotine (Fe,S,), nickel, cobalt and a number of alloys, 
some of which contain one or more of the ferro-magnetic 
metals, while others are composed wholly of metals which 
are non-magnetic when pure, i. e., either diamagnetic 
like copper or weakly para-magnetic like manganese. 

The most important example of this latter class is the 
so-called Heusler alloy, discovered in 1903, which con- 
sists of copper, manganese and aluminium. The composi- 
tion by weight of a typical example may be taken as cop- 
per 65 per cent, manganese 23 per cent, aluminum 12 
per cent, although equally good quality may be found in 
samples which differ considerably in composition. In any 
case, the manganese and aluminium should be present in 
approximately atomic proportions, as if more than about 
25 per cent of manganese be used the alloy becomes so 
hard as to be unworkable. The magnetic properties ap- 
pear to be inherent in certain crystalline masses, not 
themselves the magnetic units but which contain, as one 
of their structural elements, molecular groups that are 
magnetic at proper temperatures. 

The magnetic quality of any particular specimen de- 
pends much more upon its thermal history than upon its 
composition, although the maximum attainable intensity 
of magnetization—i. e., the saturation value after most 
favorable heat treatment—depends upon the composition. 
As is well known, iron loses its magnetic properties when 
heated to 785 deg. C., and regains them upon being cooled 
to a slightly lower temperature. The Hesuler alloys un- 
dergo a similar transformation at temperatures which 
range downward from 300 deg. C. to 0 deg. C. or even 
lower, according to their composition. When cooled below 
their transformation temperature in some cases the al- 
loys are found to be nearly or quite non-magnetic, while 
in other cases their magnetic quality is greatly improved 
after passing through a thermal cycle. These contradic- 
tory results have been shown to depend upon the manner 
of cooling. In general, the transformation from the mag- 
netic to the non-magnetic state takes place over a range 
of about 50 deg. C. The effect of annealing at or just 
above the upper limit and subsequently cooling at a fairly 
rapid rate is generally favorable, while annealing at or 
just above the lower limit is exceedingly injurious. The 


effect of passing the alloy through several such heat 
cycles is shown by the curves in the diagram; in each 
case the specimen was kept at the temperature indicated 
during several hours and then allowed to cool in air. If 
quenched from a temperature 50 deg. to 100 deg. above 
the upper limit, the specimens were non-magnetic. 

As noted, the transformation temperature of the alloys 
appears to depend on the percentage of copper present. 
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DIAGRAM SHOWING EXPLANATION OF 
CURVES. ALL CURVES REFER TO THE 
SAME SAMPLE 
29.6 per cent. Mn, 8.2 per cent. Al, 6.2 per cent. Cu, 0.2 per 


cent. Si. Curve 1, best conditions after heating to 125 
deg. during thirteen hours; 2, after eight hours near 200 
deg. and five hours between 275 deg. and 300 deg. (an- 
other heating of five hours at 100 deg. and two hours at 
200 deg. produced no further change); 3, five hours at 
200 deg.-225 deg.: 4, annealed at 225 deg. after heating 
above transformation point; 5, after nine and a half hours 
at 250 deg. ; 6, after fourteen hours at 290 deg.-350 deg. 


One specimen, containing about 70 per cent of copper, 
can be picked up from a cake of ice by a small magnet 
but cannot be picked up from a table in a room at 
ordinary temperatures, as the upper limit of its trans- 
formation range is about 20 deg. C. and its full magnetic 
quality is not attained above about 15 deg. C. below zero. 
This specimen. when tested at 0 deg., shows a rather low 
magnetic per-neability, becoming saturated at low values 
of the field; it exhibits almost no hysteresis loss, all of 
which phenomena are characteristic of all specimens near 
their upper transformation limit. 

Miercscopic examination of a considerable number of 
specimens has shown that extensive changes in the crys- 
talline structure always accompanies the changes in mag- 
netic quality. 

No sample n which the bright crystals were lacking 
was at all magnetic under any conditions, while all speci- 


mens showing these crystals were magnetic at tempera- 
tures below the transformation temperature. Ap- 
parently the magnetic quality depends upon some con- 
stituent of the bright crystals which may take on or 
lose its magnetic quality without the crystalline mass 
being destroyed; the transformation involves very slight 
energy changes, as careful observation has failed to afford 
any definite evidence of recalescence within the transfor- 
mation range. 

The alloys in which aluminium is displaced by some 
other trivalent metal have been less studied but appear 
to behave in a way quite like the above. Besides these, 
an alloy of a small amount of iron with larger amounts 
of nickel and chromium is strongly magnetic, while 
curiously enough an alloy containing 25 per cent nickel 
and 75 per cent iron is non-magnetic unless cooled to a 
temperature somewhat below 0 deg., when it becomes 
magnetic, and remains so until strongly heated; conse- 
quently, a bar of nickel steel may be cut in two parts and, 
after proper treatment, under apparently the same con- 
ditions, the one piece may be in the magnetic, and the 
other in the non-magnetic condition. 

Within the last few years, alloys of iron with about 
4 per cent of silicon have been found to be of great 
value for commercial use in building transformers, as 
the hysteresis loss may be considerably less when the 
transformer core is made of such alloyed steel than when 
soft iron is used. 

From what has been said, it is evident that the study 
of the magnetic properties of alloys is of great import- 
ance, both because it seems likely to help us toward a 
better understanding of the nature of magnetism and 
because of the technical improvements which may result. 
It should, perhaps, be stated that none of the alloys, ex- 
cept those containing large amounts of iron, are val- 
uable in commercial work. 

In conclusion, it is interesting to notice that Mr. O. C. 
Clifford has found alloys of copper and tin more strongly 
diamagnetic than copper itself, thus duplicating the phe- 
nomena of the Heusler alloys among diamagnetic ma- 
terials.—Science Progress. 

The Power Plant of Lesquinn 

Aw extensive steam and electric plant is erected at 
Lesquinn, France, where the Thomson-Houston Company 
has shops for manufacturing Curtis steam turbines, in 
connection with the Paris central works. All the ma- 
chine tools are run by electric motors. The boilers are 
needed for use in the electric plant as well as for test- 
ing the turbines, and an extensive testing room is fitted 
out. The boilers have a large output, 40,000 pounds of 
steam per hour, and the super-heaters give various tem- 
peratures of steam for testing purposes. A forced draft 
is given by the use of properly combined motor-driven 
blast fans and smoke flues. Four boilers are used, built 
in two pairs, and each pair is operated by a 30 horse- 
power motor blower. Anzin briquettes and also coal 
are used in the grates. The condensing plant uses two 
condensers with the necessary pumps, and scarcity of wa- 
ter required the use of an extensive water-cooling plant. 
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New Methods in Astronomy 


Their Application to the Evolution of Our System 


Dunine the last few years the researches of eminent 
British and Continental astronomers have thrown a flood 
of light upon some of the most recondite problems of the 
science. Among these may be especially mentioned the 
work of Dr. Hill, M. Poincaré, and Sir George Darwin, 
and we propose giving a simple account of some of their 
results, as well as the bearing these have upon theories 
as to the origin of our system. The Laplacian nebular 
hypothesis, greatly shaken by later discoveries and the 
critical investigation of its postulates, seems likely to 
undergo the fate prophesied for it by the late Mr. Proc- 
tor, founder of Knowledge, and his words may be quoted 
here: “If ever proper inquiry is made into Laplace's 
nebular hypothesis, that also will be still more decisively 
rejected” (Old and New Astronomy, p. 638). We shall 
have occasion to allude to some of the alternative hypothe- 
ses; an account of part of Prof. See’s work has already 
appeared in Knowledge. 

Newton, in his immortal Principia, has once for all 
solved the problem of two bodies. “Given two spherical 
masses acting on one another, according to the law of 
gravitation, and their position and motions at any time, 
to find their motions at any future or past time.” The 
planets move in ellipses closely approximating to circles 
round the sun, the comets mostly move in parabolas, a 
few in very elongated ellipses, and perhaps a very few 
in hyperbolas round the same center of force. This, 
however, is only an approximation, though very close, to 
their motion, arising from the fact that the mass of the 
sun is so enormously great compared with that of any of 
the planets, that the attraction between sun and planet 
is the main factor in determining the path of any one of 
these bodies. Every planet moves in an orbit round the 
sun which is very nearly the same as it would be were 
no other bodies but itself and the sun to exist; the small 
deviations between the actual motion and this ideal motion 
are known as “perturbations,” and are due to the dis- 
turbing action of the other members of the solar system, 
arising from the difference of their attractions upon the 
sun and the planet in question in each case. Owing to the 
fact that, as we have mentioned above, all the planets are 
much smaller than the sun, we may, by a series of approx- 
imations, determine these perturbations one after another, 
and add their results till we obtain a satisfactory agree- 
ment between theory and observation. The general prob- 
lem of three bodies is, however, far beyond the capacity 
of our present mathematics to solve, and all that can be 
done is to take some simple cases and then consider 
others approximating to them as nearly as_ possible. 

The moon moves in a path around the earth which is 
not very different from a circle, but, owing to the dis- 
turbing action of the sun, the form of this path is con- 
tinually undergoing slight variation. In this case, though 
the disturbing body is not small, yet on account of its 
much greater distance, the sun's disturbing force or its 
difference of action upon earth and moon is only a small 
fraction of the earth's attraction upon the moon. Were 
the sun to attract earth and moon equally and along 
parallel directions there would be no disturbance of their 
relative motion. In a similar way we may say that any 


Fig. 1. Curves of Zero Velocity (After Darwin). Criti- 
cal Values Only Shown 


external force acting equally upon all members of our 
system will produce no change in the planetary and 
satellite orbits. Whatever force may be moving our sun 
along its mighty path toward “Hercules” (or Vega), is 
equally drawing its family of planets, satellites, comets 
and meteors. Even as it is, however, with the compara- 
tive simplification introduced by the smallness of the 
disturbing force, the “Lunar Theory” is one of the most 
complex branches of applied mathematics, and though 
the general agreement between the results of theory and 
observation affords on» of the most complete verifications 
of the exact truth of Newton’s law of gravitation, there 
are questions even yet awaiting solution. Dr. Hill, in 
1876, pointed out a new method of treating the problems 
of the lunar motion, and he took as the first approxima- 


* Keprinted from Anowledge. 


By F. W. Henkel, B.A., F.R.A.S. 


tion, not the ellipse, but what he called the variational 
curve as the moon’s orbit. The moon is considered to 
move in a circle distorted by the sun’s attraction, and 
this orbit is called a “periodic one,” its period being one 
synodic month (i. e. interval from new moon to new 
moon or full moon to full moon, 291% days). The eccen- 
tric form and the change of inclination (the moon’s 
path is not in the plane of the earth’s orbit but is in- 
clined at an angle of about five degrees to it) are “free” 
oscillations about the periodic orbit, the “annual equa- 
tion” (arising from the varying distance of the sun at dif- 
ferent times of the year) is a “forced” oscillation. M. 
Poincaré, M. Gylden, and Dr. Charlier have continued this 


Vig. 2. Equipotential Surfaces About a Double Star With 
Equal Components of Equal Mass (After Darwin) 


subject from the purely mathematical point of view, 
while Sir George Darwin has also dealt with it numer- 
ically in a comparatively simple manner, and we propose 
to give a brief account of some of his work. He begins 
by considering the case of three bodies, called respectively 
the sun, a planet moving around it which he calls Jove, 
and a third body whose mass is infinitesimal (so that it 
will produce no appreciable effect upon the motions of 
the other two) which he calls the planet, or satellite. 
Jove (J), of unit mass, moves round the sun, of mass* 
ten, in a circle, and all three bodies lie in one and the 
same plane. He first obtains what is called the equa- 
tion of relative energy (the well-known Jacobian integral 
V?=20—C). Since for real motion V? must be posi- 
tive, 2.9, must be greater than, or at least equal to C, 
and so the planet can never cross the curve represented 
by 2Q=C, which agrees with Dr. Hill’s result in assign- 
ing definite limits to the past and future position of the 
moon in our system. He then considers the form of the 
curves obtained by giving different values to the constant 
C, called the constant of relative energy. For large 
values of C they are closed ovals around S and J respect- 
ively with an outer branch around both S and J. The 
larger oval, shrinking as C become less, unites with the 
inner oval around J, and the curve becomes of horse- 
shoe shape. The horse-shoe then narrows at the middle 
and breaks into two elongated portions, these gradually 
shrinking into two points equidistant from S and J, Fig. 
1 shows the form of the curves for the critical values.t+ 

It was shown by Lagrange, more than a hundred years 
ago, that there is an exact solution of the problem of 
three bodies when they are each at one angle of an equi- 
lateral triangle which revolves uniformly, and since two 
triangles of equal altitude may be drawn on the same 
base (one above and the other below SJ), there are two 
such positions. This is approximately realized in our 
system. A minor planet recently discovered revolves at 
about the distance of Jupiter from the sun, and this 
arrangement appears to be a stable one. In addition to 
the above determinations, Sir George Darwin has also 
considered the case of a satellite leaving Jove and pass- 
ing under the control of the sun, and Fig. 3 shows the 
path for C=39, referred both to axes fixed in space and 
to revolving axes. The full curve shows the path of the 
planet, the dotted one is that of Jove, and lines are 
drawn joining the simultaneous positions of these bodies. 
(In order not to complicate the figure only a few of 
these are drawn.) The body here makes a single revo- 
lution around Jove, and is then drawn off to the sun, but 
it may happen that several revolutions around the former 
would be made until conjunction takes place at “apojove” 
(greatest distance of planet and Jove), and then it will 
revert to the sun again. “It seems likely that a body of 
this kind would in course of time find itself in every part 
of the space in which its motion is confined” (Darwin). 
Thus it would at last collide either with the sun or Jove, 
and it has been suggested by the same writer that in this 
way stray bodies are gradually swept up by sun and 
planets. “Some non-periodic orbits passing from Jove to 
the sun are drawn in Fig. 4, and it will be seen that one 
of these paths has a sharp cusp (lying on the curve of 
zero velocity), another is looped, and so on. 

Regions within which stable orbits are possible, and 
others for which they cannot exist, are found, and in this 
connection we may later find an explanation of Bode’s 
law as to the distances of the planet and satellites from 
their primaries. In his later work, Sir George Darwin 


*The value of ten for the mass of the Sun In terms of Jove 
is taken for the purpose of exaggerating all the phenomena 
of perturbation as compared with those in our system, so as 
to give a clearer view of their nature. 

+We may regard these curves as the traces on the plane of 
the paper of surfaces of zero velocity. By taking all three 
bodies in one plane, the problem ts reduced to a two dimen- 


sional one. 


has considered possible retrograde orbits, all his former 
researches having been on orbits where the motion is 
direct, i. e., the same direction as that of all the planets 
and most of the satellites, and has traced the forms of 
paths of bodies ejected from sun toward Jove and vice 
versa. Modes of transition between direct and retro- 
grade orbits are also considered, passage through the 
apices of the equilateral triangle on SJ as base already 
mentioned being suggested as one method. From a con- 
sideration of the figures given we may gain much infor- 
mation as to the kind of orbits possible, and the limit 
of distance between planets and satellites. For values 
of C greater than 40.18 the third body must be either 
a superior planet moving outside the larger curve, or 
an inferior planet moving inside the larger internal oval, 
or a satellite inside the smaller oval, and it can never 
change from one of these forms to either of the others, 
“so that this limiting value gives superior limits to the 
radii vectores of inferior planets and of satellites which 
cannot sever their connection with their primaries.” When 
C is less than 40.18, and greater than 38.88, the third 
body may be a superior planet, or an inferior planet, or 
satellite, or a body moving in an orbit partaking of the 
two latter characteristics, but it cannot exchange from 
the first réle into either of the others. When C is less 
than 38.88, and more than 34.91, the body may move any- 
where except inside of the “horse-shoe” shaped space. Here 
the distinction between planetary and satellite motion 
does not exist, and the body may change from any one 
of these modes into any other. When C lies between 
34.91 and 33, the only regions where motion is not pos- 
sible are within the leaf-like folds on each side of the 
line SJ, and these diminish to the pair of points marked 
with crosses (Fig. 1), for the value C=33. Lastly, 
when C is less than 33 the body may move anywhere. As 
a general result it is concluded that unstable orbits are 
such as to lead to the ultimate absorption of bodies mov- 
ing in them into one or other of the larger bodies, and 
though the problem in our planetary system is much 
more complicated from the large number of planetary 
bodies, yet, as we have seen, several interesting features 
have indicated explanations. We have now to briefly 
notice the bearing of these results upon cosmogonic 
theory, and some modifications suggested by Prof. See. 
By supposing the existence of a resisting medium uni- 
versally diffused throughout our system, of whose pres- 
ence we have some evidence, we get the well-known result 
that when a body revolves about the sun or a planet, the 
resisting medium at every point decreases the velocity, 
and thus gives the central attraction more effect, the 
revolving body being gradually drawn nearer to the cen- 
ter of force. For Encke’s comet this change seems more 
rapid than for any other known member of our system. 
For orbits differing from circles, the result of the action 
is also to diminish the eccentricity, or make them more 
nearly circular. This was well known to Laplace, and 
the proof is given in works on analytical dynamics. Thus 
a particle moving within one of the inner closed surfaces, 


A. Orbit of Satellite Leaving Jove and Passing Under 
the Control of the Sun. (Thick Line, Orbit of Satel- 
lite. Path of Jove, Dotted Line) 


B. Referred to Moving Axes 


Fig. 3.—(After Darwin) é 


of which we may regard the curves (shown in Fig. 1) 
to be the traces on the plane of paper, will gradually draw 
nearer its center, and, its speed increasing, its periodic 
time will be diminished; for a body moving within the 
“hour glass” shaped space or the pear-shaped region 
surrounding both bodies (Fig. 1) will drop nearer and 
nearer to one or other of the masses, and may finally 
pass within the closed surface and acquire a constant 
of relative energy such that it can never escape again 
from that region. The moon is now within such a closed 
surface about the earth, and cannot escape therefrom, 
and it has been acordingly supposed that it has not at 
any time been outside; but if we admit the action of the 
resisting medium there is a possibility of our moon's 
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hiving been an independent planet which approached too 
neirly to the earth and became captured. At present 
most astronomers give in their adhesion to Sir George 
Darwin’s theory of tidal evolution, according to which 
our moon once formed part of the earth’s substance. It 
is supposed that once upon a time the latter was rotating 
much more quickly than at present, and that a portion 
separated from the rest and became the moon. The time 
of the earth’s rotation was estimated to be then about 
two and a half hours, so that the “centrifugal force” 
caused its rupture. The separated portion may have 
gradually receded to its present position by tidal action. 
Ditliculties as to the possibilities of the moon’s holding 
together under tidal strain when so much closer to the 
earth than at present, and the cause of the supposed very 
rapid rotation of the earth in early ages, have been 
raised by various writers, so that we may at least regard 
the alternative capture theory and action of the resisting 
medium as a possible explanation, though it seems diffi- 
cult to imagine that all the relations pointed out by Sir 
George Darwin are purely accidental. The Laplacian 
hypothesis, with the modifications suggested by Faye and 
others and supplemented by the theory of tidal evolu- 
tion, has been nevertheless shown to be untenable, and 
the evolution of the planets by separation of rings of 
matter from the central condensation as it contracted 
must be definitely abandoned. Briefly stated the theory 
is as follows: The matter now forming sun, earth and 
other planets was at one time in the form of a hot gas, 
and was of approximately spherical form. It rotated 
slowly on its axis, the rotation increasing in swiftness as 
it grew colder and contracted. In time rings of matter 
were left behind. Each of these rings graduaily collected 
into a single globe, and thus the planets came into exist- 
ence. A planet thus formed continuing to revolve itself, 
in turn abandoned rings in contracting, and thus arose 
the satellites. This process is illustrated by a well-known 
experiment, devised by Plateau. He formed a mixture of 
alcohol and water of the same density as oil (water 
being heavier, alcohol lighter), and poured into this mix- 
ture a quantity of oil. The oil sank about halfway and 
floated in the middle of the mixture as a round ball. By 
means of a disk attached to a wire, Plateau made it 
rotate. The rotation caused the ball to spread out into 
the form of a spheroid; then, as the speed increased, a 
ring was thrown off which revolved around it. The ring 
broke up after a time and collected into a smaller globe, 
which rotated and also revolved around the larger; then 
another ring was thrown off as the speed again increased, 
and so on. Babinet, however? in 1861 showed that the 
original nebula imagined by Laplace could not have 
rotated with sufficient speed to detach any of the plan- 
etary masses, and his argument has been extended by 
Prof. See to show that, similarly, the satellites could not 
have separated from their primaries. There has there- 
fore been proposed an alternative fission theory, that 
secondary condensation nuclei might be formed by gravi- 
tational instability within the gaseous nebula, as also the 
capture theory referred to above, together with the 
“spiral” nebula form. A spiral nebula is supposed to be 
formed from a sun by the near passage of another star, 
the consequent ejection of matter forming two spiral 
arms bearing nuclei at irregular intervals. The particles 
of ‘these arms move around the central nucleus in elliptic 
orbits, the planets being formed by the gradual growth 
of these nuclei, by the addition of small “planetesimals.” 
Prof. See considers that our solar system was formed 
from a spiral nebula and that the planets have not been 
detached from the central mass by rotation, but “cap- 
tured,” or added on, from the outer parts of the nebula, 
their orbits have been “rounded off” by the resisting 
action of the medium in which they move, and the par- 
ticles moving in orbits confined to regions of the nature 
of those indicated in the researches of Darwin alluded 
to in the earlier part of the paper. Moving against 
resistance they will all drop nearer to one or other center 
of attraction; some will become satellites of one planet. 
some of another, while yet others will collide with and 
he absorbed by these latter or fall upon the sun. Thus 
the greater masses will increase, and in some such man- 
ner the “secular acceleration” of the sun and the unex- 
plained acceleration of Mercury, may be explained. In 
our system we have a large central mass, the sun, with 
attendant planets, but in some cases we may have a 
more nearly equal division of the matter, as in the double 
stars. Fig. 2 shows the equipotential surfaces about a 
double star with equal components (or rather their 
traces on the plane of the paper). In such cases the 
planets which are developed, if they can continue revolv- 
ing in stable orbits, will have to be near either one or 
other of the large masses, or else at great distances from 
both, if their motion is to be of a permanent character. 
However, the existence of such bodies, though probable, 
is not likely to be revealed by any increase in telescopic 
power of our present instruments. Great numbers of 
spiral nebule are now known to exist, scattered all over 
the heavens, while there are very few of the oblate 
spheroidal form, such as the hypothesis of Laplace as- 
sumed to be met with in the sky. This was pointed out 
by Proctor and Ranyard (Old and New Astronomy 
§ 1445). Such nebule as we see have a greater analogy 
with the solar corona than with the fiery condensing mist 
conceived of by Laplace. The opposite branches often 
seen on photographs of spiral nebule are considered to 
represent the “original streams of cosmical dust coiling 
up and forming spiral systems.” If the streams converge 
and the mass becomes very dense at the center, a double 
star may be formed. 

The theory of the action of a resisting medium gives 
results exactly the opposite of tidal friction. The latter 
usually increases the major axis and eccentricity of a 
planetary orbit; the resisting medium decreases both 
these elements, “In the actual universe both causes are 
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at work, sometimes one predominating, sometimes the 
other.” 

In the growth and development of our system all these 
various agencies may have been called into play, so true 
is it that here, as elsewhere, no single explanation is self 
comprehensive and exclusive of other hypotheses. The 
mind of man is so constituted that it cannot help specu- 
lating on such topics, but it is well to remember that all 
our knowledge, both of time and space, is essentially 
relative and conditioned; no absolutely undisputed truth 
is admitted by all philosophers alike, so that in some 


Fig. 4—Non-periodic Orbits Passing from Jove to the 
Sun (After Darwin). Outer Thick Line Curve 
of Velocity C = 39.0 


respects we seem less advanced than was thought to be 
the case a century ago. The sun was supposed to have 
an absolute velocity of about fifteen miles per second 
“toward a point in the constellation of Hercules,” but, 
as has been pointed out, this result has been overthrown 
by the work of Kapteyn. Numerous optical and elec- 
trical experiments have been made at different times 
with the view of determining the absolute velocity of 
the earth, but such effects have always failed to appear. 

“The vast masses of observational data accumulated 
by the persevering industry of self-denying men of 
science,” together with the mathematical researches we 
have outlined above, are leading to more accurate views 
than any that have been held hitherto, and the results 
already obtained should give us encouragement in our 
efforts to trace “the process of Creation,” but we must 
more than ever feel how little after all is yet known 
compared with what remains to be learned. 


A New Process for Aging Wood 


Owine to the attractive appearance of old wood for 
furniture and other uses, it is very desirable to find 
a process that will give the substance a dark color, such 
as is naturally due to age. A method is now used in 
Germany by A. Wislicenus, and he claims to have solved 
the problem. He shows that the only methods which give 
results, comparable with natural aging, are those in 
which the effect is especially due to the action of gas. 
All the other processes are insufficient. Painting or 
dyeing by brush has only a surface action, and dipping 
goes somewhat deeper, but hardly acts except on the 
interstices of the fibers. In time all these colors disap- 
pear and leave the wood in a worse state than before. 
Heretofore, gas treatment does not appear to have been 
successful. The author examined the conditions of gas 


The Spiral Nebula M. 51 Canum Venaticorum (After 
See). Illustrating the Spiral Theory 


action and finds that it is essentially the same as that 
which occurs in natural aging of wood, so that he may 
deduce an artificial process which gives about the same 
results as the natural one. The new process is in use 
at an establishment at Dresden and it is rapid and cer- 
tain, as well as cheap. Wood tissue contains about 
50 per cent cellulose, also lignine and imbedded mineral 
and organic matter, among which are tannins and iron 
salts. It is difficult to find which of these latter con- 
stituents is accountable for the brown color of old wood. 
We know that lignine becomes yellow and even brown 


by exposing it to air and light. Book and journal paper 
owe their yellow color to it. This paper is, in fact, 
a mixture of cellulose (often known as chemical paper 
paste), tree from lignine and extracted from wood by 
what is known as the bisulphite process, and of soft wood 
paste still containing all the constituents of wood tissue 
and therefore the lignine. On the other hand it appears 
that tannins and iron salts contained in the sap, which 
are very sensitive to oxygen and light, also play a part, 
for woods having much tannin become brown more rapid- 
ly than others in general. However this may be, the finest 
natural coloration of wood is seen on Alpine chalets 
placed at very high altitude near the snow line where the 
air is pure and the light is rich in ultra-violet rays. The 
color may even reach a blackish brown for wood several 
centuries old. But even in these conditions we observe 
old wood which is quite discolored and becomes a snow 
white. ‘This is produced near stables, etc. and it is 
due to ammonical vapors added to other agents, such as 
water vapor, oxygen and ultra-violet rays. Analysis 
shows that such wood is entirely composea of cellulose, 
and the lignine and all imbedded matter is eliminated 
or destroyed by the combined action. In the case of 
browning, as well as of bleaching, the action is a deep 
one. Combining the effect of these four agents in dil- 
terent proportions, it was possible to obtain tints vary- 
ing from gray to browns. ‘The old empirical methods 
for artificial aging were based upon this. Wood was 


. buried in trenches under a mixture of mud and more 


or less complex manures giving rise to a fermentation, 
and thus ammonia was slowly given off. However, the 
brown color was due more to impregnation of colored 
liquids and a commencement of rotting, and the darkest 
color rather resembled water-soaked wood than that 
which is exposed to the air of the mountains. 

In the new process, the wood is placed _ horizontally 
in 2-foot ditches having a porous bottom and covered 
with a mixture of earth containing some humus, but 
which should not be clay or sand exclusively. A grain 
of 3-7 millimeter (0.12-0.28 inch) size should be obtained 
by sifting so as to be very regular. Should such earth 
not be had, common ashes can be used instead, as these 
have always enough carbon for the purpose. ‘The ashes 
are crushed and sifted. Such material is always per- 
meable to water and air and does not hold back any great 
amount of liquid when the trench is watered or rained 
upon. Alternate watering and draining set up a great 
circulation of air which gives an oxydizing action. ‘lhe 
siow oxydizing of the combustible materials of this layer 
no doubt gives rise to hydroxyl, which has a strong ettect 
on the wood. Such an effect is increased or completed 
by the addition of substances which give off ammonia 
slowly. Numerous tests show that the best results are 
obtained by adding 2 per cent of a mixture of ammonia 
salt and quicklime to the earth, We mix them by a 
spade upon a plank floor, using earth as dry as possible 
so as to avoid loss of ammonia. For the same reason 
quicklime is to be employed. For the best effect, how- 
ever, we use powdered chalk and salammoniac, such as 
is sold for fertilizer. Under the action of moisture a 
small amount of sulphate of ammonia which is dis- 
solved out, comes in contact with the carbonate of lime. 
There is formed sulphate of lime and carbonate of 
ammonia, and the latter is easily decomposed to carbon 
dioxide gas and ammonia, so that the latter gas is 
given off slowly and regularly, thus being more ef- 
ficacious than if we used quicklime. Better results are 
had by giving a good drainage and covering over with 
fine sand or cloth sacks so as to keep in the ammonia. 
‘Thus treated, the wood becomes colored in the whole of 
its mass, and the process can be used for any kind of 
wood. But some woods give better results than others. 
Oak is one of the best, and is rapidly colored to a fine 
brown. This goes down very deep below the surface of 
the wood. Ash and beech wood can also be used very 
well. Resinous wood, such as pine, is not so good. 
However, the process can be applied to redwood, cy press 
and pitchpine. 


A Sliding Gate Dam 


Tue new 30,000 horse-power Tuiliere hydraulic plant in 
France is remarkable from the fact that it uses a slide 
gate barrage, and there are but few examples of this 
construction for large plants in Europe. Another lies 
on the Rhone near Geneva. The Tuilere station ranks 
among the large European plants of to-day. As to the 
barrage, it is composed of eight spans containing the same 
number of metallic gates. Piers are built at a height 
of 165 feet above the water stage and between these the 
gates work in a slide. Over the tops of the piers is a 
continuous metallic flooring structure and it carries the 
electric motor driven winches which raise and lower the 
gates by chain and counterweight. ‘The fore ends of the 
piers which contain the grooved sliding way are of re- 
inforced concrete strengthened by vertical I beams which 
go down in the foundation bed. The width of the gates 
is 36 feet, and the height is 44 feet. In this plant the 
turbine house ‘lies alongside the dam, so that the water 
comes almost direct to the turbine chambers. A head of 
water of 20 to 40 feet is here used. Before each turbine 
chamber is a gate 23 feet wide by 15 feet high, operated 
by hydraulic pressure from a hand lever device. Turbines 
of the Francis type, nine in number are used, working at 
107 r.p.m., and giving each 3,000 horse-power maximum. 
On the turbine shafts in the room above, the main alter- 
nators are mounted. The hyrdaulic work includes a by- 
pass around the turbines, to take off part of the water 
when necessary, and thus to regulate the level without 
operating the main gates. An extensive steam plant 
using Thomson-Houston Curtis turbines is used as a 
standby. The present station supplies current for Bor- 
deaux and other places, 
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The Determination of Standard Time 


How the Astronomer Sets Your Watch for You 


Atrnoven Astronomy, from the earliest time to the 
present, has had a host of ardent and enthusiastic stu- 
dents, and although scarcely a person can now be found 
who is not profoundly impressed and deeply interested 
in the transcendent beauty of the sky, if his attention be 
called to it, especially so if he have an opportunity to 
examine through a telescope the numerous objects in 
the sky that are invisible to the naked eye, yet very few 
know anything very definite about the nature and meth- 
ods of work at an observatory. It is almost universally 
true of visitors, who come to our observatory, that the 
thing in which they seem to feel the keenest interest is 
the method by which accurate time is obtained. This, 
indeed, is quite the natural thing for every one many 
times each day has occasion to think of time, and this 
then is the point of closest contact that most persons 
have with the science of Astronomy. 

Since day and night are of necessity determined by 
the rising and setting Sun, the opinion is very general 
among persons who have not inquired into the subject, 
that time is taken directly from observations made of 
We have some time heard the phrase “honest 
as the Sun,” the value of which as a figure of speech is 
greatly diminished when the exact movements of the Sun 
are understood. Of course the movements of the Sun 
extending through the period of a year are very definite, 
and of the utmost precision, but they are quite variable 
from day to day. It is not then from the Sun, but from 
the distant and so-called fixed stars that time is taken. 
This at first thought would seem to introduce more un- 
certainty than ever; for the most casual person will 
observe that the sky is not the same at all seasons of the 
year. The constellations that appear at night in winter, 
for example, are not the ones that appear in summer, 
and the positions of a star in the sky at the same hour 
in two successive nights are not the same. It need scarce- 
ly be said that the constellations, such as Orion, that are 
so brilliant during the winter months in this latitude, 
pass overhead during the summer months in the day 
time, and are consequently rendered invisible by the 
brightness of the Sun. 

In order to reconcile this apparent variability with 
the very exact and accurate nature of the time that rail- 
roads and numerous other enterprises require for their 
successful operation, it is necessary to call attention to 
the fact that there are four kinds of time whose char- 
acteristics and interrelations should be clearly under- 
stood. They are Sidereal Time, True Solar Time, Mean 
Solar Time and Standard Time. 

Sidereal time, as its name suggests, is star time. If 
at a certain instant a given star is on the meridian, then 
after twenty-four Sidereal hours have elapsed, the 
same star will again be on the meridian. Since the dis- 
tant stars keep the same positions in space, because their 
tremendous distances from us render any change imper- 
ceptible in long period the regularity with which a given 
star comes to the meridian is dependent only upon the 
uniform rotation of the Earth on its axis. 

Although there are forces operating to change the time 
of rotation, they are so small and opposite in effect that 
they are negligible. The meteors that strike the Earth 
and the tides are two forces that tend to retard the rota- 
tion and lengthen the period, and on the other hand we 
have the contraction of the Earth, and the constant ero- 
sion of soil from higher to lower altitudes, forces that 
tend to accelerate the rotation and shorten the period. 
By taking all such forces into consideration, it is defi- 
nitely known that their resultant could not change the 
period of rotation by as much as one second in ten 
thousand years. In the great complexity of changes that 
are going on about us, we have the period of rotation 
of the Earth on its axis as an unvarying quantity and 
it must serve us as our starting point in the exact deter- 
mination of time. 

The Sidereal day then is the time that elapses between 
two successive passages of a star across the meridian, 
and is divided into twenty-four hours. Likewise the true 
solar day is the time that elapses between two successive 
passages of the Sun across the meridian. The true solar 
day is longer than the sidereal day because of the fact 
that the Sun has a motion toward the east that stars do 
not Have. This motion is due to the Earth’s revolution 
about the Sun in one year. The relative motion of the 
Earth to the Sun will be the same for our purpose if 
we consider the Earth as fixed, and the Sun as moving 
about the Earth. If we suppose then that the Sun and 
a given star arrive at the meridian at a certain instant, 
we know that after twenty-four sidereal hours the star 
will again be on the meridian, but in the meantime the 
Sun will have moved eastward, and some minutes more 
must pass before the Sun arrives at the meridian. An 
idea of the quantity of this motion of the Sun toward 
the east may be formed from the fact that a complete 
circuit of the sky 1s made by the Sun in a year. This 
motion, however, is not uniform, because the Sun moves 
not in a circle about the Earth as a center, but in an 
ellipse, having the Earth at one of the foci. The angular 
motion then is variable, and the True Solar day, though 
always longer than the Sidereal, varies from 3 minutes 
35 seconds in Sidereal time longer in September to 4 
minutes 26 seconds longer on December 22nd. We ordi- 
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narily think of December 22nd as the shortest day, when 
in another sense it is really the longest day in the year. 
Because of this irregularity in the length of the True 
Solar day it would be very difficult, if not entirely im- 
possible, to construct a clock that would constantly show 
True Solar time. 

This leads then to the introduction of Mean Solar time. 
We suppose a Sun that starts with the real Sun, and 
travels in the plane of the equator toward the east a 
uniformly equal distance each day, and just rapidly 
enough to complete the circuit in the same time as the 
real Sun does, so that the imaginary or fictitious Sun 
arrives at the starting point at precisely the same time 
as the real Sun. This imaginary Sun at certain seasons 
comes to the meridian in advance of the real Sun and 
at other seasons after it. Since its angular motion is 
uniform, the time between two successive transits of the 
imaginary Sun across the meridian will always be the 
same. This Mean Solar day is 24 hours 3 minutes 56.556 
seconds long in Sidereal time. This period is divided into 
twenty-four solar hours, and this is the hour that is indi- 
cated on the dial of the ordinary clock. The further 
modification of Mean Solar time to obtain Standard time 
is for convenience only and not caused by any necessity 
in the time itself, nor in the difficulty of constructing 
clock, for Mean Solar time is uniform just as is Stand- 
ard time. A moment’s thought will show that if time 
as shown by clocks were the Mean Solar time then all 
places on the same meridian would have the same time, 
but a place a few miles east or west of a given place 
would have different time. This time is sometimes kept 
and is called lecal time, but endless confusion in travel 
would result if railroads were operated by local time. 
Hence in certain belts the time is fixed by the time of 
a meridian near the middle of the time belt. These belts 
are 15 degrees wide, so that in passing from one belt into 
another, the time changes abruptly by one hour. These 
belts, moreover, are arranged so that time in them is an 
integral number of hours from Greenwich. By this 
arrangement the error in time at any particular place 
will not exceed one-half hour. 

Standard time then is the kind that is ultimately 
sought. Obviously there is no object in the sky that 
can be observed for Standard time directly. Nor, in- 
deed, can Mean Solar time be determined by direct ob- 
servations, for the Sun which determines it is purely 
fictitious. However, the real Sun may be observed di- 
rectly, and then, since the relative positions of the real 
and the fictitious Sun can be computed for each day, 
and, indeed, are tabulated in the American Ephemeris 
and also in other almanacs in the form of equation 
of time. True Solar time, as observed, may be changed 
into Mean Solar time, and this in turn may easily be 
converted into Standard time, provided the longitude 
of the place at which the observation was made is known, 
Various methods of observing the Sun may be used, one 
of which is by use of the sextant, which cannot be made 
very accurately, and another is to use a permanently 
mounted transit instrument, and to observe the moment 
when the Sun is on the meridian. The difficulty here lies 
in the fact that the Sun is so large that it is difficult to 
decide the exact moment when the center of the Sun is 
on the meridian. Because of these practical difficulties 
the method of observing the Sun is not very often fol- 
lowed. The method usually followed, and the one used at 
Goodsell Observatory, is by observing the star and it is 
the method which we use here, that I desire to describe. 

To determine time is really to determine the clock 
error. It is not essential for that purpose that the 
error be large or small, though as a matter of fact the 
error is usually less than one minute. For if it were 
greater than that, it would be an easy matter, after a 
single determination of the error, to move the hands 
until the error was made less than one minute. 

In order to determine the clock error two instru- 
ments are essential, first the transit instrument, and 
second the chronograph. The clock is provided with 
an escapement which breaks an electric circuit every 
two seconds. This circuit connects the clock with the 
chronograph which has as its essential part a cylinder 
which rotates once each minute. About this cylinder 
is fastened a sheet of blank paper upon which a pen 
traces a continuous line as the cylinder rotates. The 
armature that carries the pen is released when the 
clock breaks the circuit, so that there is a series of 
offsets in the line that the pen traces, separated by 
exactly two seconds. The escapement wheel is so ar- 
ranged that the circuit is broken also at the fifty-ninth 
second, so that one can tell by the record where the 
minute ended. The minute during which the record was 
started is marked on the sheet, so that, by counting 
the minutes from that time, one can determine any 
particular minute and second during the time through 
which the record extends. 

The transit instrument is mounted so that it is free 
to move only in one plane, namely in the plane of the 
meridian. The reticle of the transit contains a number 
of wires which are illuminated, and which are located 
symmetrically with respect to the center. If the wires 
are not exactly symmetrical with respect to the center, 
the error of instrument in this particular is found by 
trials and a correction is introduced into the reduction to 


account for that error. The observer at the transit 
holds in his hand an electric button which, when pressed, 
breaks the circuit, and releases the armature, which 
carries the pen, in the same way as an escapement wheel 
in the clock does, so that he may insert offsets in the 
line traced by the pen in addition to those inserted by 
the clock regularly at the end of each two seconds. The 
transit instrument is also supplied with a graduated 
circle which serves as an indicator for setting the instru- 
ment at the proper altitude for the star to be observed. 

With this equipment one is ready to proceed with 
the actual observation. Assuming that the error of the 
clock is small, he can tell from the clock what particu- 
lar stars are near the meridian and will transit the 
meridian during the next half hour, more or less, dur- 
ing which his observations are to extend. If he had no 
indication at all as to the error of the clock, he would 
be obliged to observe some bright known stars and 
from these by perhaps rather rough approximation re- 
duce the error until it becomes less than one minute. 
Where such observations are made periodically the 
clock error is kept small. Then he knows what stars 
are about to transit the meridian, since the Sidereal 
time indicates the right ascension of the zenith at any 
time, and it is necessary only for him to look into 
any star catalogue and select such stars as have right 
ascensions a few minutes greater than the Sidereal time. 
From the same catalogues he can get the declinations, 
and knowing the latitude of the place from which he 
is observing, the altitude in which the star will cross 
the meridian may easily be determined. Again at 
places where such observations are made regularly, a 
list of time stars is prepared and kept permanently. 
This list shows the right ascensions of the star which 
is, indeed, the Sidereal hour when the star will be on the 
meridian, the declinations, zenith distance, circles, setting 
for the instrument to be used, and usually the magnitude, 
so that the observer may have the brightness as a check 
on his selection of the star, for it is quite possible that 
more than one star may appear in the field of the transit. 
This list of stars is so chosen that in the course of an 
hour or less one can always find stars in the northern 
sky as weil as near the zenith, near the equator and in 
the southern sky. The reasons for such a selection will 
become apparent when we come to speak of the reduc- 
tions of the observations. 

When everything is in readiness, the observer se- 
lects a star that will cross the meridian in two or 
three minutes, sets the instrument according to the 
position defined for this star in the star list, and takes 
his position at the instrument, having the electrical 
push button in his hand. He may move the eye-piece 
to one side and thus get the star in view some time 
before it crosses the wires, but in any case the star 
swings into view, moving quite rapidly or very slowly, 
according as the star is near the equator or near the 
pole. He selects the middle wire and a certain number 
on each side of it as those with respect to which he de- 
sires to record the transits. As the star transits them 
he pushes the button and interpolates his record on the 
chronograph sheet upon which the clock is making its 
continuous record. He then selects another star and 
records its transits in the same way. Usually four or 
five stars are observed and recorded in this way, care 
being taken that the stars chosen shall not all be in 
the same region of the sky. These then constitute a 
time set. 

After this comes the reduction of the observations. 
By reading the records for each star from the chrono- 
graph sheet by means of a scale designed for that pur- 
pose, and taking the mean, the clock time of the 
transit of the star across the meridian is found to the 
tenth or even to the hundredth part of a second. The 
right ascension of the star, as given in the American 
Ephermeris at intervals of ten days throughout the 
year, is the actual time at which the star crossed the 
meridian. If there is any discrepancy between the 
actual time and the clock time, this discrepancy may 
arise from several sources. If the transit instrument 
were in perfect adjustment the discrepancy would be 
entirely due to the clock error, but this is very sel- 
dom the case. However, there is no uncertainty on 
this point since the corrections to the instrument are 
carefully determined from time to time. Four quan- 
tities are recognized as contributing to the discrep- 
ancy between the actual time of transit and the clock 
time as shown by the chronograph record; first and 
most important, the clock error itself, second, the azi- 
muth error, third, the level error, fourth, the collima- 
tion error. The first is the quantity that is sought 
ultimately and is taken to be the discrepancy that re- 
mains after the effect of the other three has been re- 
moved. The second is obtained from the observations 
themselves and results from the fact that the rota- 
tion axis of the transit is not exactly east and west. 
If one imagines this to be exaggerated much beyond 
any possibility in any well mounted instrument he will 
easily see the effect. For instance, suppose the sup- 
port for the east end of the rotation axis to be one 
foot north of the support for the west end, then it is 
easily seen that, when the instrument is directed toward 
the south, it will point considerably east of south, while 
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if directed toward the north it will point west of north. 
This error may be very small, but must be considered. 
The third, or level error, is determined by the hanging 
level at each observation. This is due to the fact that 
one end of the axis may be higher than the other, which 
condition would also tilt the instrument out of the plane 
of the meridian. This varies slightly and must be 
determined each time. The fourth, a collimation error, 
is due to the fact that the mean of the eleven wires 
may not be exactly in the collimation plane, the plane 
which is described by the line, called the collimation axis, 
from the optical center of the object glass perpendicular 
to the rotation axis, as the telescope is rotated. Since 
the parts that affect this error remain relatively un- 
changed for long periods of time, it is necessary to 
determine this error once in two or three months. 

These quantities are connected in the following re- 
lation: 

\ 6+ Ada + Bb + Ce = actual time — clock time of 
star transit where A @ is the clock correction; 4, B 
and C are known quantities depending upon ¢, the 
latitude of the observer, and 5, the declination of the 
star, and are computed beforehand; and a, b and ¢ 
are respectively the factors introduced by the azimuth, 
level and collimation constants. We have seen that e 
remains unchanged for long periods and hence is a 
known quantity. We have also seen that b is de- 
termined at each observation by the hanging level and 
consequently is known for each set of time stars. We 
have then four or five equations, depending upon the 
number of stars observed, of the form given above in 


which A @ and a remain as yet undetermined. We se- 
lect the two that are most diverse, which will usually 
be the most northern and most southern stars since 
they will be oppositely affected by the azimuth error, 
and subtract the one from the other, thereby eliminat- 
ing the A 6, and obtaining an equation from which 
a may be found. Applying this value of a to the four 
equations we get from each one a value of A 6. These 
separate values serve as a check upon the accuracy of 
the work and should agree very closely. Their mean is 
then taken as the value of A 6, the clock correction. 
Sometimes an additional correction, namely, the personal 
equation of the observer, is added, and when extreme 
accuracy is desired, a greater number of stars is ob- 
served and the reductions are made by the method of 
least squares. However, the method outlined here gives 
results that may be depended upon to the tenth of a 
second. It might be said that the clock is not set each 
time that its error is found, for obviously the clock is 
quite as serviceable if the error is known, as if it should 
show exactly accurate time. 

This then gives accurate Sidereal time, and it re- 
mains now to show how this is converted into the 
Standard time which is the time we use. Since the 
Sidereal minutes are shorter than the Standard time 
minutes, the seconds to do beat together on the two 
clocks, but at intervals of approximately six minutes 
they do beat together momentarily and then the Sidereal 
clock beat precedes the Standard clock beat again. By 
noting the second on each clock when this coincident 
beating occurs we get a clock comparison. Now the 
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Sidereal time shows the time since Sidereal noon, and 
this interval may be converted into an equivalent Stand- 
ard time interval by tables that are constant. Also we 
find tabulated in the American Ephemeris the mean time 
of Sidereal noon for each day of the year. If then we 
add to the mean time of Sidereal noon on the day in 
question the interval of time that has elapsed since 
Sidereal noon we have the correct mean time for the 
instant at which the comparison was made. This is 
changed into Standard time by adding or subtracting 
the distance of the place in ‘longitude, expressed in 
hours, from the meridian which fixes the time in the 
belt. This must be added for places west of the Standard 
meridian, and subtracted for those east. The difference 
between this time and the reading of the clock at the 
time of the comparison indicates the correction to the 
Standard clock. 

The correction cannot be effected by, hand since it 
frequently is only a few tenths of a second. The cor- 
rection is made by a temporary magnet over which 
swings a permanent magnet, which is fastened to the 
pendulum. The temporary magnet is polarized by a 
current of electricity which may be sent in either di- 
rection and thus make the pole nearest the permanent 
magnet positive or negative as desired, and thereby 
accelerate or diminish the rate of the pendulum during 
the time when the temporary magnet is operating. The 
effect is sufficient to change the clock by about one hun- 


-dredth of a second per minute so that very minute 


changes may be made. This clock then may be used 
for sending time signals as its error is reduced to zero. 


Precautions in the Use of Explosives 


Ix a circular published by the Bureau of Mines, and 
written by Clarence Hall, some excellent precautions are 
given for the use of explosives, notably so-called permis- 
sible explosives, which are used in coal mines. Per- 
missible explosives, it may be said by way of explana- 
tion, give a short and relatively cool flame, are less 
likely to ignite inflammable gas or coal dust than is the 
longer and hotter flame of dynamite, or the longer and 
much more lasting flame of black powder, and are in- 
tended for use in those coal mines where the presence 
of such gas or dust may render a mine explosion possible. 

According to the circular mentioned, the following pre- 
cautions should be taken to reduce the risk in storing, 
thawing, handling and using explosives in coal mines: 

(@) PRECAUTIONS TO BE TAKEN IN THE STORAGE OF 
EXPLOSIVES. 

Don’t store detonators with explosives. 
should be kept by themselves. 

Don’t open packages cf explosives in a magazine. 

Don’t open packages of explosives with a nail puller, 
pick, or chisel. Packages should be opened with a hard 
wood wedge and mallet, outside of the magazine and at 
a distance from it. 

Don’t store explosives in a hot or damp place. All ex- 
plosives spoil rapidly if so stored. 

Don’t store explosives containing nitroglycerin so that 
the .cariridges stand on end. The nitroglycerin is more 
likely to leak from the cartridges when they stand on end 
than it is when they lie on their sides. 

Don’t repair a magazine until all explosives are re- 
moved from it. 

(5) PRECAUTIONS TO BE TAKEN IN THAWING EXPLOSIVES. 

Don't use permissible explosives or other explosives that 
are frozen or partly frozen. The charge may not explode 
completely and serious accidents may result. If the ex- 
plosion is not complete, the full strength of the charge is 
not exerted and larger quantities of harmful gases are 
given off. 

Don’t thaw frozen explosives before an open fire, nor 
in a stove, nor over a lamp, nor near a boiler, nor near 
steam pipes, nor by placing cartridges in hot water. Use 
thawers, such as are furnished by the manufacturers of 
explosives. 

Don’t put hot water or steam pipes in a magazine for 
thawing purposes. Where large quantities of explosives 
are used, a special thaw-house should be built large 
enough to hold the quantity of explosives needed for a 
day’s work. 

(¢) PRECAUTIONS TO BE TAKEN IN HANDLING DETONATORS 
AND EXPLOSIVES. 

Don't carry detonators and explosives in the same 
package. Detonators are extremely sensitive to heat, 
friction, or blows of any kind. 

Don’t handle detonators or explosives near an open 
flame. 

Don't expose detonators or explosives to direct sun- 
light for any length of time. Such exposure may increase 
the danger in their use. 


Detonators 


Don’t open a package of explosive until ready to use 
the explosive, then use it promptly. All explosives are 
injured by exposure to the action of the air. 

Don’t handle explosives carelessly. They are all sensi- 
tive to blows, friction, and fire. 


(d) PRECAUTIONS TO BE TAKEN IN USING DETONATORS AND 
EXPLOSIVES. 


Don’t use more than 1, pounds of any permissible ex- 
plosive for one shot in a coal mine. No explosive is safe 
if used in large quantities under ordinary coal-mine 
conditions. 

Don’t use a detonator (blasting cap) or electric deto- 
nator of less strength than that prescribed by this bureau. 
The explosive may not explode completely, thus reducing 
the work done by the shot and causing the same dangers 
that come from the use of frozen explosives. 

Don’t crimp a detonator (blasting cap) around a fuse 
with the teeth. Use a cap crimper, which is supplied by 
any manufacturer of explosives. 

Don’t economize by using a short-length of fuse. Such 
practice is liable to result in a shot going off too soon. 

Don’t fire a charge of any explosive in the presence of 
fire damp. A fissure or crack in the coal or rock may 
bring the gas and air mixture directly to the explosive. 
Such fissures are most likely to be found in driving or 
breaking through. If gas is found when such a fissure is 
cut, clean the gas out before shooting. If the gas can not 
be cleaned out, cut through with the pick and fire no 
shots. 

Don’t use in a gaseous coal mine any fuse or other de- 
vice which emits flame or sparks. The end or side spit- 
ting of a fuse or squib may ignite gas. Electric deto- 
nators give better results and are safer. 

Don’t tamp the explosive with coal cuttings or slack or 
any combustible material. Use damp clay, which is safer 
and better, and have this stemming fill the drill hole to 
its mouth. 

Don’t use a metal tamping rod. Even a copper-tipped 
rod is not to be recommended. Use only wooden rods. 

Don’t use two kinds of explosives in the same drill hole. 
When such a charge is fired chemical changes may take 
place that may make each explosive less safe than if used 
alone. 

Don’t return to the face until at least five minutes after 
a shot has been fired. All explosives tested to date, in- 
cluding black blasting powder, yield inflammable and 
poisonous gases. Field tests made by this bureau in 
bituminous-coal mines indicate that some of the coal in 
the drill hole helps to form such a gas, and that a shot 
liberates inflammable gases from the coal itself. The 
liberated gases escape slowly from the cracks made in 
the coal, sometimes for several minutes, but finally all 
the gases resulting from the shot diffuse in the mine air, 
and with proper ventilation are carried away. 

Don’t return to the face for at least one-half hour after 
a misfire. WHangfires and misfires are most likely to hap- 
pen when squibs or fuse are used. 


Don’t attempt to draw nor to dig out the charge in 
case of a misfire. Some authorities believe that the great 
disaster at Courriéres, France, in which 1,100 men lost 
their lives, was caused by a miner striking with his pick 
a cartridge he was digging out. Drill and charge another 
hole at least 2 feet away from the hole that misfired. 
After the coal has been brought down look carefully for 
any unexploded material. 

Don’t leave any detonators or explosives in a mine over 
night. The mine air usually contains moisture and is 
bad for all explosives. 

Don’t charge or load any hole which has not been 
properly placed, or has been drilled “on the solid.” 

Don’t light the fuse of dependent shots at the same 
time the first shot is lighted. The inflammable gases 
from the first shot and the gases liberated from the coal 
itself, together with the coal dust in the air, may ignite 
from the spitting of the fuse of the dependent shots. 
The place for a following shot and the size of the charge 
to be used can be judged better after the first shot has 
been fired. 

Don’t expect to get satisfactory results with a permis- 
sible explosive, or any explosive, when a miner uses it 
for the first time. The most coal will be won for each 
pound of explosive used and the safety will be greatest 
if all shots are loaded and fired by men especially trained 
for this work. The practice of firing all shots by elec- 
tricity after the men have left the mine is growing in 
favor. 

Don’t think the use of permissible explosives can take 
the place of other safety precautions in mines and thus 
neglect those other precautions. 
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3 treating or cleaning, Cuttil & Black Index and file, H. O. Hibbard....... e-++++ 986,172 GEE? scbcceceutssccen hisses Truck lock, autom 
WOE 985,731 Index memoranda apparatus, Printing press brake, J. Thomson. Tubbing, W. Hut 
Counting attachment, F. B. ge predetermined card, H. Bates........ 985,125 Propeller, J. H. Smith............. 985,378 Tubing spear, W. Li 
Crane, train order, F. Hachmann Induction coils, contact for, J. Melatyre.. . 93 Propeller puller, C. Andrade, Jr. 5 Turbo aeneseenem, 
Cultivator, side, A. T. Richard lulley construction, sash, H. G. Voight. . ae 
Culvert, Ottney Insecticide producing and spraying _— Pulveriser and leveler, soil, T. V. Barnard Turning ‘ai work supporting rest for, J. 
Cuspider, B. F. Freeble Insulation, mica, Cooper Sweet Pump, air, E. E. Try« 
Cycle, A. D. Robbins Insulator support, A. Scheible.. 985. Puzzle, G. E. Erickson. Pwyer, blaning, C. A. COs... 
Cyele for stage purposes, A. D. Robbins Internal combustion engine, A. E. Osborn. 985,198 Racks, holding attachm Tying device and label holder, i 
Decorating means for imitating beamed Internal combustion engine, A. B. Brown. 985,507 Bemecal E. anes 
ceilings, A. H. Pitney { Internal combustion engine, H. J. Podlesak 085,703 Rail and rail joint, w. T Typewriters, automatic € and ‘card 
Dental casting machine, Wright & Pilblad Jar closures, machine for forming loc — Rail fastener, H. F feeding a hment for, W. a 
Detent mechanism, W. K. Howe a8, devices for, P. L. Roediger . 985,452 Rail joint, J. Cusick one 
| a Diaphragm, tris, A. Wollensak Journal bearing, H. F. Schroder.... -.e» 985,460 Rail joint and fastener, Typewriters, automati ° 
Direct connected elevator, C. O, Pearson Journal bearing for car and other "axle Rail, third, C. A. Bluhm R. B. MeArdie 
Disinfetting device, J. Kneen Railway cross tie, A. B. "Wetherell. Typewriting machine, 
p Disintegrating and value-saving machine, Ladder, Jauch & Rosenfelder. . ‘ D,: Railway crossing, J. T. Walsten...... Typewriting machine, H. 
y G. Marshall . Ladle, cinder, T t Railway safety appliance, J. T. Andre Typewriting machines, 
Display device, bisevit bex, BE. FP. Cullen lamp, O. A. Arnesor Railway signal, D. H. Rowley . Thier 
2 eo Disposal stations, apparatus for, W. J Lamp fixture, F. Railway spike, C. A. Flanagan ° Umbrella fastener, W. Kootz............. 
Lamp, gas, A. H. Him hrey aRilway spike and steel tie fa ene Valve, Bernesser & Crotty............... 


Divan or couch, O. R. “Mitehell” Lamp, incandescent, A. 8. Knight. . Valve, A. V. Cloriu 
loor brace, F. J. Lee OS5, 184, 185 Lamp, inverted incandescent gas, A Railway switch, R. A. Neatherland. Fo 
Door jack, A. W. Pingrey Lamp receptacle, electric, J. G. Ralliway tie, E. W. Atkinson.... 


Kailway tie, W. F. Walker. 


ete 
Lamp socket fastening, H. Coristensea. 
Hughes. . 


Door lock, R. L. Sweger 


| releaser, fire engine house, ©. O. Lamps, Uleminant for electrical incandes- Railway tie or sleeper. W. Sxkes. 41 
Carter ee cent, O. M. Thowleas. . Razor blade, safety, O. Valve for heating systems, E. Gold... O85. 410 
: Doors, Gy trap attachment for sereen, E. Lamps, manufacturing metallic Razor, safety, C. H. Atkins. Valve, radiator, Morgan & Clark aveces i" 
Orr .. ing bodies for electric Razor, safety, EB. Kessler. Valve, safety, N. Gomlyear. 
Draft apparatus, foree, G. John F. Blau Refrigerating systems, Vault light, K. B. Landin.......... 
‘ Drier, Sleeper Lasting mac hine, poot *‘on of the evaporating pre in, BE. Vehicle, J. C. & J. J. Ra 
Drill Neiman Winkler icle brake, W. Siverd. 
Drill, lateh, barn door, F. Refrigerator, A. C. machine, J. H. W ‘alter sous 
Dritling bit, amd rock, J. Eagen latch, door, V. C. Mieher. . Refrigerator, F. F. Schaefer......... Dupent & Kiliman. were q 
Drinking fount: i. J. Milner ou Latch, gate, B. Gibbs Refrigerator counter, J .B. Monette. device, M. B. 
Drinking fountain, sanitary, J. Hall, Jr Laundry net clamp, A. Tutt Relay, W. B. . Ventilator, W. H. Cummings............. 
| Drinking fountain, sanitary, Daly & Moore 085,752 Lawn sprinkler, H. bs Relishing and boring and i Ventilator, E. E. Gold...... —* 
! Driving connection between the rear axle leather, manufacturing, x Smith. chine, combin Il. k Ventilator. T. M. Barbee.. 
vi structure and chassis frame, A. P leather skiving machine, F. M. Courser.. Roasting and baking pan, H. A. Springer. Vessel making machine, 
. Brush Lenses, pendulum support for, G. Dalen Rock drill valve motion, L. C. Bayles... .. Wagon brake, automatic, 
e. / Dust arrester, P. J. Derrig........cescess level, D. F. Lawrence.......... Koller and barrow, combined, H. Cordes. . Wall constructi 
} Dye, anthraquinone vat, M. Kugel Lever, resilient compound, ° Roof or wall covering, H. Button........ YSNh, Washing mac 
oe Dye, oxazin, W. Lommel heat Light. See Vault light. Roofing cleat, J. H. Bell 5 Watch, I. Gol 
Electric heater, Harvie & Davis Light trap, J. Goddard....... 985,581 Roost, fumigating, T. 0. Water heate 
Piectric light switch. C. Wagner . 085,23 Liquid desiccating Koost, poultry, C. H. Jackson 
Me Electric lighting apparatus, A. A. Woh ee . 985.747 Rotary engine, S. E. MeGan . Water heaters, collapsible tray for, J. W. 
lauer Liquid fuel burner, Rotary engine, R. Williams 9R5 Gamble 985,337 
Electric secondary battery, P Rabbidge Liquid fuel burner, J. J. Rotary engine, D. N. Gree . 985,669 Water mains and waste pipes, cleaner f« 
i Electric ewitch, J. H. A. Normandeau Liquid separator, J. EB. Rug and carpet bolder, Seward. 
Electric switch, (. A. I’fanstieh! Locks, making tumblers for combination, Water regulator, automatic, A.C. Cul 
Electrical connection, J. M. Andersen. . Ruling machine, F. McAdams Watering and spraying H. F. 
Electrically controlled elevator, Pearson & Locomotive, C. H. Jenkins... Sad iron, self-heating, W. Schoff. 98 
Locomotive, electric, W. Cooper. Sad iron, self-heating, J. H. Davis... Well casing spear, J. B. Norris... 
7 < Plectromagnetic device, W. K. Howe m shuttle check,’ Grogan & Jot > Saddle, harness, J. Scruby. Wheel. See Gear wheel. 
pi - Kievated carrier, J .€. Fitzgerald » motion for, A. Insinger... Sash lock, M. L. Blinn..... Wheel lock, steering, T. D. Sta 
Elevating, transporting, and discharging Manure loader. Helmer & Wilke.......... Saw aad trimmer, metal, FH. G. Miller.. Wheels, sheath for vehicle, V 
material, apparatus for, 0. Johnsen Marker attachment, L. RK. Turner........ e 985, Pred Saw clamp, buzz, J. Russell. eneceee 29 Whip lock, E. W. Bonner............. 
Flevator, See Direct connected elevator. Massage device, a gE. H. Saw set. L. N. Meadows 985. 270 Wind shield, W. M. Bean. eetuk 
Elevator, C. O. Pearson , 985.547 Saw set and gage, combined, 985. 706 Windmill, W. P. Bennett. 
Embroidery frame, A. Rominger Mast hoop, S. J. Harris. . 985,671 Sawmill dog, 8. S. Thebeau wee Windmill, A. F. Barrow.. 
Engine starter, automobile, McKelven & Matte and smelting of ores, apparatus for Seale, valve tension, storm, M. I. Har 
Naylor ee ¢ the production of, Moore & Kees.... = 195 Score keeper, L. A. 
Engine starter, automobile, H “EB. Wilson. 935. 70 Measuring chute, grain, H. Dee Screen bar holder, Wire ey, order, F. R. MeRerty 
Engines. priming cup for Measuring instrument, M. C. Rypinski.... 457 Wooden blocks, apparatus for treating. 
Swanberg .......- Measuring instrument, electrical, M. C. Screw cutting wrench, 3. Card & McArdle. 
= Envelop Geiger Screw machine, die and for Wrapping machine, N. J. Matthews et al 
Envelop ty. J.P Sanders one ia Measuring the steam passing through a eens devices for automatic, C. Wrapping machine, N. J. Matthews....... a 
Excavator and conveyer, scraping, pipe, apparatus for, H. Ruthenberg... 985,635 985,231 Wrench, L. Bekker............. 
otter Mechanical motor, P. Homishak......... . 085.674 Screw thread “cutting device, * F. Hart. 5,168 Wrench, N. Nielsen. 
Eyelet, F. D. Ogden.... ~* Medicinal powder toller, J. Toskov........ 985,303 Serew threads by gricding, producing, Wrench, R. 8. Clark. 
Eyelet and the like, FP. Dd. Ogden ee ans Medicine distributer for sto Hattersley & Koenig............- 
Fabrice treating apparatns, textile, I. E. 985,201 Seam closing strip, F. 
Ps ee method of and Seat attachment, closet 
Fan, motor, I. J. 0° Malley for making, C. A. Weeks........... 985,753 Seat attachment, hinged, W. G. = 
Fasteners, making cortugated "saw-toothed Metals, production of divided, F. Bias. Seeding and cultivating machine, yr going 
metal, M. Fiseher dens 985,721 85,570 in print issued since October 4th, 1859, will be 
Fastening device, spring, J. Schade, Jr... Miner's cap and lamp, L. W . 985,660 Sewer pipe joint protector, F. W. Lang 182 furnished from this office for 10 cents, provided 
Faucet, sanitary drinking, 1. T. Haws. Mixing machine, R. D. Soars > Sewing machine binding attac’ macgiin c. F. the name and number of the patent desired and 
Feed, boiler, D. Goff Moistener, sanitary stamp, A. Hoback, «++. 985,257 the date be given. Address Munn & Co., Inc., 
Fence post, G. W. Connors............... chine electric motor, P. 361 Broadway, New York 
Fiber yielding materials, apparatus for Mold, F. F. Landis 985,353 985,678 4 
reducing, G. H. Marshall Molding apparatus, W. H. Fisher......... 985,576 Sewing machine feedin, ott ‘device, A. ir- jan en 
bilaments for incandescent electric lamps, Mop head and wringer, combined, Koeb & 985,733 meg gow be ay 
inventors for any of the inventions named in the 
) apparatus for making metallic, F. Thompson ..... +» 985,180 Sewing mac ine for f ing lst. Fo: fi 
seve. 985,802 Motorcycle, L. H. Dyer. 985,517 shoes, J. E. Jackson......... 5,347 joregoing list. For terms and further particulars 
Finish remover, C. Ellis... 985,406 Motor, W. W. Rose 985,454 Sewing controller for electric address Munn & Co., Inc,, 361 Broadway. New 
Firearm, A. Tomischka...... Motor controller, A, 985,215 motors for, F. P. 985,758 York, 


